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ABSTRACT

Computer programs are given for calculating the characteristic

currents and characteristic gain patterns of conducting bodies of

revolution. Also given are computer programs for using these char-

acteristic currents in aperture radiation and plane-wave scattering

proble,;s. Plot programs for use with a Calcomp plotter are includec.

Operating procedures and program details are discussed, and sample

input-output data are given.
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I. INTRODUCTION

The general theory and method of computation of characteristic modes

for conducting oodies of arbitrary shape is given in reference [1]. The

notation of this report is consistent with that of [1], which should be re-

ferred to tor furchei identifi.ation of the symbols used. The programs given

here are those used for the numeri:al results presented in reference [1].

Six computer programs have been written. They are defined according

to their function:

1. Calculate the generalized impedance matrix Z

2. Calculate the characteristic currents (eigencurrents).

3. Plot the eigencurcents.

4. Calculate and plot the gain patterns of the eigencurrents

5. Calculate and plot :/ 2 (scattering cross section divided by the

square of th6 wavelength) for an axially incident plane wave

6. Calculate and plot the gain pattern for radiation from an

axially symmetric excitation.

These programs are discused and listed in the next six sections Operating

instructions and sample input-output data are also given.

II. GENERALIZED IMPEDANCE MATRIX

Program #i' calculates the elements of the generalized impedance matrix

for a body of revolution, and is a slight modification of the computer program

appearing in Appendix A of reference [I]. The subroutine LINEQ and its call

statement 81 have been removed in order Lo obtain the generalized impedance

matrix Z instead of the generalized admittance matrix Eccept for NPHI which

was taken to be 20 in all of our work, all the pi-nched cazd data required by

program #1 is expl3ined in reference [2]. As on page 26 of reference 12],

punched z:rd data is cead early in the main program according to

50 R2.AD(1,5i,END = 52) NN, NP, NPHI, BK

5i FOR iA 13i3, E14.7)

READ(l,53)(RH(I), I = i, NP)

READ(I,53)(ZH(I), I = 1, NP)

53 FORMAT (OF8.4)



Here, BK is the propagation constant k = w P . An odd number NP of data

points are taken from the generating curve C of the body of revolution.

RH(1) and Z1I(L) are respectively the distance p from the axis of the body

of revolution and the corresponding z coordinate at the Ith data point.

The first and NPth data points are on the ends of C. If C closes upon

itself, care must be taken to make the coordinates of the first data point

equal to those of the NPt h . Program #1 writes the NM2 by N12 impedance

matrix

Z where n = NN (1)Z 2
Vn

on record 1 of direct access data set 6. NM2 is either NP-1 or NP-3 depend-

ing on whether or not C closes upon itself. If NN = 0, zeros are supplied

for 2't and 2t$.
0 0
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6. Calculate and plot the gain pattern for radiation from an

axially symmetric excitation.

These programs are discussed and listed in the next six sections Operating

instructions and sample input-output data are also given.

I. GENERALIZED IMPEDANCE MATRIX

Program #1 calculates the elements of the generalized impedance matrix

for a body of revolution, and is a slight modification of the computer program

appearing in Appendix A of reference [2]. The subroutine LINEQ and its call

statement 81 have been removed in order to obtain the generalized impedance

matrix Z instead of the generalized admittance matrix Except for NFHI which

was taken to be 20 in all of our work, all the punched card data required by

program #1 is explained in reference [2]. As on page 26 of reference [2),

punched card data is read early in the main program acccrding to

50 READ(1,51,END = 52) NN, NP, NPHI, BK

51 FORMIAT(I3, E14.7)

READ(1,53)(RH(I), 1 = 1, NP)
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li1re, BK is the propagation constant k = w/jT. An odd number NP of data

points are taken from the generating curve C of the body of revolution.

RlI(L) and Z1(1) are iespectively the distance p from the axis of the body

ot revolution apd the corresponding z coordinate at the Ith data point.

The first and NPtth data points are on the ends of C. If C closes upon

itself, care must be taken to make the coordinates of the first data point

equal to those of the NPt h . Program #1 writes the NM2 by NM2 impedance

matrix

IL tt where n = INN (1)Zn =  n n

Zit  io

on record i of direct access data set 6. NM2 is either NP-l cr NP-3 depend-

ing on whether or not C closes upon itself. If NN = 0, zeros are supplied

for t't and it
0 0



Listing o'f Program~ t1 3
II (0034,EEt4,2),'MAUTZ.JQE',MSGLEVEL=I

/EXEC FORTGCLG,PARM.FORT='PMAPI
//FORT.SYSIN DO *

COMPLEX A3,A4,Z(I600).GS(40),G(5292b9U
DIMENSION RH(43) ,ZHI 43) ,DH(43) ,TJi?0)
DIMENSION SV(42) ,CV(42) ,ZS(42),R(42) ,ANG(40) ,AC(40) ,CS?)( 120)
DIMENSION TP(80),T(80),TRl80),JK(4)
REWIND 6

50 READ(1,51,END=b?) NN,NP,NPH1,BK
51 FORMAT(313,E14.7)

RIEAD( 1,53) tRH( 13, 1JtNP)

53 FORMAT(IOFS.4)
76 WRITE(3,54) NN,NP.NPHI,BK
54 FORMAT(lX//' NN='103,1 NP=',13,' NPHI=',13,' BK=SEl4.7)
55 FORMAT(IX/1 RH')

WRITEC 3,55)
WRITE(3,46)(RH(l),1=ltNP)

46 FORMAT(lX,1OFB.4)
WRITE(3,56)

56 FORMAT(1X/' Z141)
WRITE(3,46)(ZH(I ),I=1,NP)
IF((RH(1'I-RH(NIP)).NE.0..OR.(ZH()-Z-(NP)fl.NEo) GO TO 58
RH(NP+1 )RHi(2)
ZH(NP+1)=ZH(2)
RH(NP+2)=RH(3)
ZH( NP +2) =ZH( 3)
NP =N P+2

58 DO 57 1=2,NP
12=1-1
RR1=RH( I)-RI( 12)
RR2=ZH(lI)-ZH( I?)
DHI( I2)=SQRT(RR1*~RR1+RR2*RR2)
ZS( 12)=.5*(ZH( I)+ZH( 12))
R(1I2)=.5*(RH( I)+RH( 12))
SV( 12)=RR1/DH( 1?)
CV( 12)=RR2/Di( 12)

57 CONTINUE
KG=NP- 1
N=KG/2
NM= N-i
NM 2 =NM* 2
NM4=NM*4
NZ =NM2*NM2
NG=KG*KG
M 5=NN+2
M 6=NN+ 4
FM=NN
FM 2 =NN*NN
P1=3-.141593
ETA=376.707
DP=PI/NPHI
CA=BK*BK*ETA
CQ=ETA
SS=0.
nO 117 11NM

I2=?*I1 +

SS=SS+DH(i11)+DH( 12)



COM'PLEX Z(NZ)

DIMENSION RH(NP), ZH(NP), U(NZ), R(NZ), T2(NZ),

A22(NZ), B(NZ), X(NZ), A(NZ), Y(NZ), T3(NZ),

FI(NZ), EUCNM2), RU(,NM2), AMD(NN12), LB(NM2),

M B(NM2)

where NM2 NP -3

NZ *12 *NMe?

The above allocations are based upon the value of NP after execution of

st-atement 145



DO 13 K=1,NPHI
K2=K+M4
G(M2)=G(M2)+GS(K)*CSM(K2)

13 CONTINUE
6$ CONTINUF
17 CONTINUE
16 CONTINUE

D0 74 J=1,NM
J2=2*(J-1 )+l
J3=J2+1
J4=J3+1
J5=J4+1
J6=4*(J-lfl 1
J7=J6+.
JC=J7+1
J9=J8+1
DEL 1=OH(J2)+DH(J3)
DEL 2=LH( J4)+DH( J5)
TP(J6)=DH( J2)/DEL.1
TP( J7)=DH( J3)/DELl
TP(JB)=-DH( J4)/DEL2
TP(J9)=-DH(J5)/DEL2
T(J6)=DH(J12)*DH(J2)/2./DELl
T(J7)=DH(J3)*(DHCj2)+DH(J3)/2.)/DELI
T(J)=OH(J4)*,(DH(J5)+DH(J4)/2.J/DEL2
T(J9)=DH(J5)*DH(J5)/2./)EL2

74 CONTINUE
DO 75 J=1,NM4
TR(J)=T d))

75 CONTINUE
115 IF( (ZH(IJ-ZH(NP-2) ).EO.O..AND.(RH(1)-RH(NP-2) ).FO.O.) GO TO 7n

IF(RH(l)) '17,23,77
77 DEL1=DH(1)+DH(2)

23 TF(RH(NP)) 79,78,79
79 J1=(N-2)*4+3

J 2 =J +1
DEL2=DH(NP-2 )+DH (KG)
TR(J1)=DH(NP-2)*(1.+DH(NP-2)!2./DEL2)

116 TR(J2)=DH(KG)*(1 .+(DH(NP-2)+DH(KG)/2. )/DEL2)
7R DO 30) J1,NM

JL=(J-1,*NM2
J3=(J-1 )*4
Jl=2*(J-1)
DO0 31 I=1,NM
LI=JL+I
L2=LI+N,%
L3=NI4*NM2+L 1
L 4 =L3+NM
Z(Ll)=O.
Z (L2)=O.
Z (L3)=O.
Z (L4)=O.

DO 70 J~J=l,4
J2=Jl+JJ
J7=J3+JJ
DO 71 11=1,4
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14'=T 1+1 1
I 7 1 3 i 11

J'~'J4+NG
,16=.'5+NlG

CC=CV( I?)*CV(J?)

7(Ll)-=Z(Ll)+4 CAISV(j2)*TR(J7)41Tj7)A+CC*,Jo*G(J5T(17*TP(J7)*(J

112I,)
Z(3=(3-A.S(2*(7*~.7*4F*OG,5*P1)'RJ)R
1J2)

71 cnNT I MIF
70 CIINT I NIE
31 CONTINUIE
30 CONT INUF

WRIT(6)(ZIi),I=1,NZ)
s8 IORMAT(1X,10GI'U.4)

JK (1I1)=1I
,IK( 2)=N
JK(3 )=NM2*NM+l
JK(4)=JK(3)+NM
DO' 93 J1,t4
Kl=JK( J)
WRITE(3,241 .

24 FO'RMAT( lX/i V911W
DO 92 I=ltNI4
K 2 =K 1+N4- 1

96 WRITE(3,881(7.(K),K=Kl,K2)
KI=KI+NM2

92 CONTINUE
93 CONTINUE

GO TO 50
52 STOP

END

//GIJ.FTO6FOOl DO D)SNAME=EE0034,REV1 ,DISP=OLD,UN!T=2314, X
/1 ~VOLIJME=SER=SUOOO4 ,DCB= (RECFM=V, BLKSI ZE= 1800, LRECL=17961

//GO.SYS!N DD '-
1 21 20 0.3141593E+00
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000
5.0000 5.5000 6.0000 4.5000 7.0000 7.5000 8.0000 A.5000 q.0000 9.5000

10.*0000
0.0000 0.0000 0.0000 0.00C0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.C-10 0.0000 0.0000 0.0000 0.0000 0.0000
0.0900
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III. EIGENCURRENTS

Program #2, which calculates the eigencurrents, accepts punched card

data according to

READ(l,7) NN, NP

FORMAT (213)

READ (1,39)(RH(I), I = 1, NP)

READ(I,39)(ZH(I), I = 1, NP)

39 FORMAT(i0F8.4)

The variables NN, NP, RH, and ZH have the same meaning as in program #i.

The generalized impedance matrix Z is read from the first record of direct

access data set 6 according to

REWIND 6

READ(6)(Z(I), I = 1, NZ)

2 2where NZ is either (NP-1) or (NP-3) depending on whether or not C closes

upon itself. Program #2 writes the eigencurrents on record 2 of direct

access data set 6.

The R and X in DO loop 11 are the matrices [R] and [X] appearing in

(2-25) of [1] computed from [Z n ] of (2-47) of [I]. The matrix [X] is stored

columnwise, but the matrix [R] is stored according to the symmetric mode used

in the IBM System/360 Scientific Subroutine Package [4]. Statement 130 invokes

the eigenvalue and eigenvector subroutine EIGEN in the Scientific Subrout.ine

Package. The subroutine EIGEN puts the eigenvalues p of (2-26) of [1] ordered

l 2 > "" in the diagonal positions of R. The eigenvactors of the matrix

[R] will appear in U. It has been observed that the eigenvectors obtained

from EIGEN are normalized so that U is orthogonal in accordance with (2-26)

of [11. DO loop 104 stores the i in EU. DO loop 75 puts the matrix [XU]

appearing in (2-30) of [1] in T2. DO loop 78 puts the matrix [A] = [U X U] of

(2-30) of [1] in A, Upon exit from DO loop 70, JM is the dimension of the sub.-

matrix [ull] in (2-28) of [I]. DO loop 73 puts the submatrix [A22] appearing in

(2-30) of [1] in A22 Since MINV is the matrix inversion subroutine from ihe
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Scientific Subroutine Package [4], statement 128 inverts the matrix [A2 2].

Do loop 81 puts (A221 [A121 in T3. DO loop 84 puts [A12][A 22  [A12 ] in

B, using the symmetric mode of storage. Statement 129 finds the eigenvalues

and eigenvectors of the matrix [B] appearing in (2-36) of [1]. DO loop 107

puts the eigenvalues X of (2-36) of [1] in AMD. DO loop 91 puts [1/2y] of

(2-37) of (1I in T2. Upon exit from DO loop 93, the matrix

111-1/2 Y]

-[AA 12 ] p11 2

will be in T2.

The index J of DO loop 96 indicates the Jth eigencurrent. DO loop 98

puts the [I] of (2-37) of [1] in FI. Because fi(t) of (2-42) of [1] is de-

fined by (30) of [3], statements 143 and 144 have to divide the elements of

[I] by p in order to obtain the sinusoidal components of the eigencurrents.

DO loop 137 sets the largest of these sinusoidal components equal to unity.

At the time FI is printed, the eigencurrent (current per unit length) at

the(2*J+l)th data point is given by

ut FI(J) + u FI(J+NM) NN = 0

u FI(J) cos n4 + u FI(J+NM) sin n NN = n #0

When NN = n # 0, the alternate eigencurrent

Ut FI(J) sin n - u FI(J + NM) cos n

is also possible.

If NP > 41, some dimension statements must be changed. Minimum allo-

cations are given by



COM'PLEX Z(NZ)K DIMENSION RH(NP), ZH(NP), U(NZ), R(NZ), T2(NZ),

A22(NZ), B(NZ), X(NZ), AMN), Y(NZ), T3(NZ),

FI(NZ), EU(NMi2), RU(NM2), AM(NM2), LB(ID12),

1AB(NM2)

where *12 =NP -3

*NZ =NM2 * \7?

The above allocations are based upon the value of NP after executlion of

sfatement 14~5



12Listing oll Pro"'Jdn .1

1/ (0('34.FEF?,?),IMA)TZ,JOEI,MSGLEVEL=I
EX13EC SSPCLG,PARMdFORf='MAP'

//Fflip I CYSIN Do)
CLIMPL X 7( t444 ) tIJl,tl2,U3
DIMENSION PH(41) ,?H(fil) ,1( 1444) ,R(1444) ,T2( 1444) ,A22(1444) .811444)
I)IMFOION X( 1444) ,AI 1444).Y( 1444),T3(1444),FT11444) ,ELJ(38),RU)(39)
01MENSION AMD(38' I.R(38) MKi(38)
1OIIVALENCE (R( i),T2(l),A22(l),B(1) ),(X(1),A(1),Y(1))

Itlt)VALt:\tCF (T3(1) .FI 1W ) (F0L(1 ),AMD(1))
V F AD ( I1, 7) NN IrtIP

7 FORMAT(21i)
WRITH3.3) NNNP

3 !i;rRMAT (l I MN NPI f1 X ,213)
READI 39) (RHH ), 1=1,NP)
RFAD( 1,3Q) (ZH( ) ,Im.,NP)

39 FORMAT(IOFR.4)
VWRITE(3,40) (RHI I),,I=1,f\NP)

40 P-ORMAT( 'ORHf/(1X,IOFS.4))
WRITE(34I)(ZH(I).I=1vNP)

41 F0RMAT('07H'/(1X,10F8.4))
145 IF(URH(1)-RH(NP) ) .EG.O..4N0.(ZH(l)-ZHi(NP) ).EQ.O.) NP=NP+2
146 N142=NP-3

Nt'=N42i2
NZ =NM2 1NM02
k WINDr 6
RFADI 6) (ZH()t1=I17N

IF(NN.FO.0) Sl=.5
U2=S1*U3
J 50
00( 11 J=1,NM2
J?= ( J-1 ) *14-2
00) 12 I=l,J
J 5=,)5+1
J3=J2+ I
J4=( 1I-1) *1M2+,J
IF(J.GT.NM.AND.I.LE.NM) i60 TO 28
Ul=Sl*(Z(j3)+Z(J4))
GO TO 29

29 R(J5)=ti1
X(J3)=AIMAG(U)
X(j4)=X(.J3)

1? COnNT INU E
1') CONTINUE
130) CALL EIGEN(RIJ,N142,0)

DO 104 .=],NM2

RI) I.i )=l.* /SORT (ABSH(FB t))

104 C ONT iNUF
WiRITF(3,141)(E-U(J),JL=),NM2)

141 FORMAT('OEIGENVAL1JES OF THE M-ATRIX R'/(XEIL.4))
00 75 Jr-1,NM?

DO 76 I=1,NM?

T2(j2)=O.



13

1)1) 77 K=1,NM?
Kl=K+J3
K2=K+Jl
T?CJ2)=T2(.12)+X(IKWj*U(K2)

77 CIJNT I MIF
76 CONTINUE
75 CONTINUE

DOI 7) J=1 ,NM

A (J2 ) O.

1)O 80 K=1,1 112
K(1 K+J3
K?=K Il

SO CONTINUE
J4=,J3+,)

A(.J4 )=A(.)?)
79 CONT INUF
78 CONrTINUL-

00 70 J=1,NM2
j 1.1 =J -1
IF(EIJ(J).LT.X?) GO TO 72

70 CONTINUE
72 JN=N[42-.JM

DO0 73 J=,JMlNMl?

Ut) 74 I-~JI41,NI-'?

J3=J2+1
A22(JH1h(J3)

74 CONTINUE
73 CONTINUE

* 128 CALL MINV(A22,JNvD,LR,MR)
J1=0
DO( 81 J=1,JM
J3= (J-1 )*~NM2+.JM
DO0 82 I=1,,JN
)?=t 1-1 MIjN

T3(J1 )=O.
DO 83 K=1,J)N

K2=J3-K
T3(Jl)=73(J3)+A?2(Kl)*A(K2)

83 CIN T INU E
8? C ONT IMU E
81 CON T INUE

J?=0
DO 84 J=1,,JM
J3=(J-1B*NM2

D0 85 JZlJl
J2=J2+1
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,14=J3+ I
i 12)= A( 14

K 1 =K + J '

94 CONT I NIF
129 CALL F 16FN( f,'Y.jI4,O)

j1=0
i 1 107 J I , JM

AMJ 1J )+FSJ

107 C I NT I NIE
v*I T E( 3, 5(AMC)( J),J=IJM)

58 F(flRMAT('0FJGr:NVALI)ES OF THE MATRIX B'/(1X,5El4.7))
Of )0 I J I 'IM
J1=(J-1 )*'JM

0141 J- 2 I -IM

J3= 1 +,J4
,12 = I +Jl

T ?( J3 )=Y (J? ) *RtJ I)

41 COINTI NIJF

00l 93 J=, .Jf-l
jl=( i-I)'*NM2
D)O 94 1=19JN
J 2=J I+ I 4-JM
12 (.12 ) =0.-
DO) 9, K=1 .11

K 2I (K- I ) *J +

f2(j2)=T?(J2)-T3(K)lC'T?(K2)
95 C. ()NT I N)F
94 C4 INT INIE
93 ClINT I NIE

001 9A J=1,JM
Sl--o.

Do 97 1=1 ,NM
,12=)I1+l
,13=J2+NM
JI4 =2*1+1

DO 9A K=1,NI,2
K2=K+.Il

K 3= K I+NM
FI(J2)=FI(J2)+t)(KlP*T2(K2)
Fl(J3)=FI(J3)+(U(K3)*T2(K2)

98 C ONITINU E
143 FI(J?)=FI(J?)/RH(J4)
144 Fl (J3)=F1(J3)/RH(J4)

S2=AFBS(FI( 12))
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S3=ABS(FI J3))
IF(S'2-SI) 136,133,133

133 S1=S2
.)5=J 2

136 IF(SI-Sl) 97,135,135
135 s1=S3

97 CONT I NIF
SI=1 ./FI (,15)

J3=J +NM

J5=Jl+MM2
WR [TF3, 138) AMI)(J)

138 FORMAT(10LAMBDA = ,bll.4)
DO 137 I=,J?tJ5
FT (1)=FI (I)*S)

137 CIINT INOJE
WRITE(3,60)(FI(1).J=J2,J3)

60 FOPMAT( ' JT',10FS.4/(3X,10FB.4))
WRITE(3,61)

6 1 FORPMAT( I JO)
WRITE(3 ,62) (FH I) =j4t.J5)

62 FORMAT(#'+ /',1OFR.4/(3X,IOF9.4))
96 CONT I PIJF

WRTTE(6) (HT(). 1=1,J5)

ENOI

//GO.FTO6FOOl DD OSNAME=EE0034.REVL ,DISP=O)LD%,UNII=2314-, X
/1VO)LUMEr=SER=SUOOO,DCB= (RECFM=V, FLKS17E=1800 ,LRECL=17196)

//GO.SYSIN OD
1 21
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000
5.0000 5.5%100 6.6000 6.5000 7.0000 7.5000 9.0000 A.5000 9.0000 9.5000

10.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0,.0000

p/
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IV. EIGENCURRENT PLOTS

Program #3 which plots the eigencurrents accepts punched card data

according to

READ (1, 90) NM2, JM

90 FORMAT(2013)

In the previous program an NM2 by NM12 generalized impedance matrix has led to

JM eigencurrents. More precisely, NM2 is defined by statement 146 of the

previous program and JM is the number of numbers printed under the heading

"Eigenvalues of the matrix B" in the output of the previous program. The:

eigencurrents are read from the second record of direct access data st 6

according to

REWIND 6

READ (6)

NZl = NM2 * JM

READ(6)(FI(I), I = 1, NZl)

DO loop 93 prepares the vertical coordinate for plotting and DO loop 95

prepares the horizontal coordinate. The origin is at (1.p5.). The hori-

zontal axis corresponds to the contour length variable. If the NP data

points defining the contour C are not equally spaced, this correspondence

may become nonlinear because DO loop 95 always supplies equally spaced

horizontal coordinates. The index J of DO loop 94 indicates the ith

eigencurrent. Statements 18 and 19 plot the sinusoidal components of

Jt and J respectively.

Minimum allocations for FI and X are given by

DIMENSION FI(NM2 * NM2), X(112/2).



Iltilbw!IIN - IC 1444) *XP(4) ,VPC4) ,AREA(400) ,X( 19)
fALL O'LOS( Air4,4(0))

(40 Fo3RMAT ( 2113)

91 Fl)Pi.4T('(WM2 J!4,'/1X,213)
S1,"=ol? Am

'RI-Al( A)

Y p( I)~
YP (2)= ).
XP(3)=1.

Yp ()4 = 7.
DO 935 !IM7l

Fl ( =5.(NM()

,)() 95 J=j,N'M

c)5 COiT I POLF
W) 04 1=) ,I
J1 IC J- I) *NM2+l
J?=JlI+tltM
CALL LINHFXPCI) ,YP( 1),2,l,OtO)
DO0 96 K=?,6
S 1= -K
r ALL Sv~lnL(S1'5,-a .14 .1310. 1-1)

q6 CINTINIP
CALL LINb(XP(3) ,YD'3) ,2,1,O,0)
00) 97 K=1,5
S 1=S-K
CALL SYMBOL 1.,S3 ,.14,13,')O.,-1,

ALL ttMF(7,.3 1.1,.-
CALL 5J14C.A49,4,,.,)
,ALL it IMP(h4 ,3. 93, .14 .-1 .,0.,-1)

19 CALL LI E( X ( 1 ) , F I(J?) , NM, I, 0, 1
CALL PLFjT(7.,,0.-3)

C~lPlf TI 0.O.--A

//C,0.FT0b6FO0i DD [SAF0034.RVlfoISP=LD,UNIT=2314,
1/VULM=SER=OOO&,)C{lRECFM=V,BLKSIZE=180O,LRFCL179A)
//;~.v l~~on)
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V. GAIN EIGENPATTERNS

Program #4 which calculates and plots the gain patterns of the eigencur-

rents accepts punched card data according to

READ(l,10) NN, NP, NT, NS, JM, BK, SCL

10 FORMAT (513, 2E14.7)

READ(1,11)(AMD(I), I 1, JM)

11 FORMAT (5E14.7)

READ(l,15)(RH(I), I = 1, NP)

READ(l,15)(ZH(I), I = 2, NP)

15 FORMAT (10F8.4)

Here, NN, NP, BK, RH, and ZH are the same as in program #1 and JM is the

same as in program #3. The electric field and gain will be computed at
U(i-l)n

polar angles 0i = -'NT_, i=1,2.... NT but will be printed only at i=l,
NS + 1, 2*NS + 1,..... One inch will correspond to a gain of I./SL on

the plot. The variable AN) appears under the heading "Eigenvalues of the

Matrix B" in the output of program #2. The JN eigencurrents are :ead from

record 2 of direct access data set 6 according to

REWIND 6

READ (6)

READ(6)(FI(J), J = 1, NZl)

where NZl = NM2 * JM. The variable NM2 is the same as that appearing in the

first three programs.

In DO loop 40, DH(i), RS(I), ZS(I), SV(I), 'and CV(I) are respectively

the distance between the Ith and (I+l)th data point, and p,z, sin v, and
th tcos v midway between the I and (I+l)t h data points. Here, v is the angle

between ut and the z axis. In DO loop 41, T(4*(J-I) + I), I=1,2,3,4, is the
Tj (t) jt

amplitude of (the J triangle function divided by the cylindricalp
coordinate p) multiplied by DII(2*(J-I)+I) and evaluated midway between the

th th(2*(J-l)+I) and (2*(J-1)+I+l) h data points. Now T represents the func-

tions f (t) associated with J and TR those functions fM(t) as,;ociated with

i
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J although only fi(t) appeaxs in (2-42) of [1], no distinction being made

there between ft.(t) and f.(t). If the surface S has no edges, f. (t) = f(t).
1 1 -, I

. but if S has an edge at either end of C, program #4 modifies the fi(t) nearest

this edge so that f i _ at the edge in an attempt to account for the singu-

larity of J at the edge.

The subroutine PLANE is concerned with the integrals

4 jk r

W. • u e ds (2)

S

appearing in (2-51) of [1]. The integrals can be written as

rto
In Rn
I I (3)

n K P

The row submatrices on the right hand side of (3) are defined according to

which W. and which u are used
1M

Matrix element u W.
M1

to
4 n u0  utfi(t) cos ri,

u¢n 8 fi(t) sin n

n 3o

n U tfi(t) cos n4

U, u ufi(t ) sin n
n

If the coefficients I. appearing in (2-51) of [1] are partitioned into column
t 4 4.

vectors I and I corresponding to the ut and u directed W , the radiation
field will be given by
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[ to o it)
.jwue - j k r  nn(4

4'Tr [ t. IO
Furthermore, it will be shown that

FE1 1 n  -3Rcsn 1 -[It

-jwue 
(5)

E 0 sin n jt4 Olt

where the careted submatrices Rn are given by equations (77) and (81) of

reference (3]. If the current has the polarization (2-43) of [1] instead

of (2-42) of [1], the matrix [ cos n n0 ] of (5) must be replaced by
si n 0 sin n i

Ssin cosn ]. The submatrices use sinusoidal W. and depend upon the

measurement azimuthal angle (m while the Rn use exponential functions and are

evaluated at (m = 0. Consider the contribution to E from Ii, According to
m0

(4),
2-n

Eue-kr .  p dt fn u(9)fi(t) sin np • ( ( -m (6)

0

where -ik m  r -whr 1 - m) -- e -AM-r(7)

Since the integrand of (6) is periodic in with period 27, m can be

added to ( without changing the value of the integral.

-Jwue -j kr 27r -

En 4jr I P fi(t)dt dP u4, m) • uA(0I ) (O sin n($+ ) (8)

0

But

u +() * U(m) = u(() W u (0) (9)

so that
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e-r I .  fi(t) dt de u(S) sin n(S+S m ) • uo) (0 ) (10)

0

Now u0 (0) is the measurement plane wave coming from the direction .= .

Alternatively, (10) can be obtained Jirectly from (6) by reasoning that

(6) should depend only on the phase difference between the current J and

the direction Sm from which the measure ent plane wave comes, For instance,

one should be able to turn both J and 6m back by Sm to obtain (10). Equa-

tion (10) leads to

-jkr R + iSo

-iWpe n -n cos -n i )
E0 - 4r 1 2j m 2 sinnbm

Using the fact that R is odd in n,
n

e-jkr 0  cos nm (12)
4-rr 1 n n)

in agreement with (5). The rest of (5) can be similarly verified.

The subroutine PLANE is essentially the same as the one appearing in
th

Appendix B of reference [2]. For the L measurement polar angle 0 = THR(L)

and the J th function f (t) of (2-42), PLANE stores Rt . -j 0 , 3 , and n
ni n n n n

in VVR(Ll+J), VVR(Ll+J+NM), VVR(LI+J+NM*2), and VVR(L1+J+NM*3) rtspectively

where Ll = (L-l)*NM*4 and NM = N2/2.

DO loop 92 multiplies the eigencurrents by p to retrieve

I (13)

appearing in (2-25) of (1]. The Lth elements of (Tt] and [Tfi ] are the coefficients

of the expansion functions utf i(t) cos nb and f i(t) sin nb respectively for

an eigencurrent of polarization (2-42) of [1].
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The index KK of DO loop 81 indicates the KKth eigencurrent. In DO loop

83, K=l obtains E0 and K=2 obtains E . DO loop 82 obtains the NT polar angles

0. Inner DO loop 84 performs the actual matrix multiplication indicated by2 2

(5). The gains G0 and G are proportional to 'E0 12 and JE . The average

of the total gain over the area of the radiation sphere is unity.

7r 4  NN= 0

r(Ge(e) + G (0)) sin Ode = (14)
(0 NN >1

0

DO loop 85 stores E end G in positions 1 to NT of E and G and E and G in
S Ge -kr

positions NT+l to 2*NT of E and G. The phase of E is normalized to -je

The magnitude of E is normalized so that JEj 2 = G0 and IE I2 = G . Statements

34 to 86 are concerned with plotting the gains of the eigencurrents.

Minimum allocations are given by

COMPLEX VR(NT*NM2*2), E(NT*2)

COMMON RS(NP-I),ZS(NP-I), SV(NP-I), CV(NP-I), T(NM2*2), TR(NM2*2)

DIMENSION AMD(JM), RH(NP), ZH(NP), DH(NP-I), TH(NT), G(NT*2), SN(NT*2)

CS(NT*2), FI(NM2*NM2), GX(NT*2). GY(NT*2)

DIMENSION BJ (3* (NP-I))

Here, NP is the value of NP after execution of statement 96 in the main

program. Also, BJ appears in PLANE.
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Listing of Progiam #14

/ (CO034&EE,392, ,5), 'MAUTZJOE' ,MSGLEVEL=1.
IEXEC FORTGCVr,PARM.F0RT='MAP'

//FORT.SYSIN DO *
SUBROUTINE PLANE(VVR,THR,NT)
COMPLEX VVRm1,A5,A6,U
COMMON tJ,RS(40) ,ZS(40) ,SV(40) ,CV(40) BK,NPNNT(8O) ,TR(80)
DIMENSION RJ(1?6),THR(1) ,FK(20)
KG=NP- 1
NM= KG /2-I
M 2=NN2
A5=2.*3.141593*UJ**(NN+1)
NV=NM*4
-K( 1)=1.
DO 153 J=1,M2
J1=J+1
F K(J 1) =F K (J)*.1

153 CONTINUE
DO0 156 L=1,NT
Ll=(L-1 )*NV
CS=COS(THR(L))
SN=SIN(TH-R(L))
Rc S =B CS
DO0 302 J=1,KC,
X=RSC J)*BK*SN
J I =Js
[1=NN
IF(Il) 303,304,303

304 11=11+1
Jl=,il+KG

303 DO 305 JJ=11,M2
IF(X-1.E-5) 1,1,2

1 IF(JJ-1) 3,3,4
3 BJ(Jl)=1.

GO TO 306
4 BJI(Jl)=0.

GU TO 306
2 RH=X/2.

RH 2 =RH*R H
RH3=RH** (.JJ-1)
BJ(CJ )=RH3/FK( JJ)
SS=B5J(Jl)

A SST=SS*1.E-7
DO 155 K=1,20
SS=-SS*'RH2/K/(CK+JJ-1)
FJ(J1V=RJ(J1)-SS
IFCABS(SS)-SST) 306,306,155

155 CONT INUE
STOP 155

306 J1=JI+KG
305 CONTINUE
302 CONTINUE

!F(NN) 307,302t307
308 DO 309 J=lqKP,

-J1=Jqca*KG
BJ(J)=-Bj(Jl)

309 CONTINUE
a07 00 300 J=1,NM

J1'J+L1
J2=J +NM
J3=j2+NM
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J4=j3+NM
VVR (J I)=0.
VVR( J2 ) =0.
VVR (,J3)=0.
VVR ( J4) =0.
1DO 301 1=1,4
I 1=2*(J-1)+I
14=4*(J-il)+1
12wI1+KG
13=1 2+KG
A6=(COSCZS( I1)'ACS)+U)*SIN(ZS(Il)*BCS) )*A5

I'J2= (lJ(13 )-RJ ( 11)).
VVQIJ1) =VVR (Jl) +A6* (CS*SV( j) *BJ2+SN*CV( i) *RJ (12) *U )*T( 14)
VVRf,J2)=VVR(,12)+A6*CS*~BJl*TR(14)
VVRa(J3)=VVR(J)3)+A6*SV( 11 )*BJl*T( 14)
VVR(J14)=VVR(J)4)+A6,"'BJ2*TR( 14)

301 CONT INUE
300 CONTINUE
156 CONTINUE

REi~TURN
END
COMPLEX UvUltVR(5548)tE(146)
COMMON UgRS(40) ,ZS(40) ,SV(40) ,CV(40) ,BK,NP,NNT(80) ,TR(80)
DIMENSION AMD(38),RH(41),ZH(41),DH(40) ,TH(73) ,XP(2)tYPC2),G(146)
DIMENSION SN(73) ,CS(73) ,FI (1444) ,GX( 146) ,GY( 146) ,AREA(400)
CALL PLOTS(AREA,400)
READ( 1,10) NN,NPtNT,NStJMRK,SCL

10 FORMAT(5J3,2E14.7)
REA)( 1,11) (AMD( 1), T=1,JM)

11 FORMAT(5E1.4.7)
RFAD(1, 15) (RH( 1I1,NP)
REA0( 1,15) (ZA( I) ,I=1,NP)

15 FORMAT ( 10F8. 4)
WRITE(3,33)

33 FORMAT('1 NN NP NiT NS JM,6X,'BK',12X,ISCL')
WRITE (3,12) NN,NP*NT ,NStJM,BKtSCL

12 FORMAT(lX,513,2E14.7)
WRITE (3 ,5 )iAMD(I) , =1, JM)

5 F0RMAT('OAMD'/(lX,5E14.7))
WRITE (3 , 6) (RH(I) , =1,NP)

16 FORMAT( 'ORH*/(IX,10FA.4))
WRfTE(3,18)(ZH(I)tI=1,NP)

1S FORMAT(?OZHc/(lX,l0FS.4))
1J= (0. t 1 0)
P1=3.141593
KL=1
IF((RH(1)-RH(NP)).ME.0..OR.(ZH(l)-ZH(NP)).NE.0.) GO TO 96~
KL=O
RH(NP4,1)=RH(2)
Z H (iP +1)=Z H (2)
RH(NP+2)=RH(3)
ZH(NP+2 )ZH( 3)
NP=NP+2

96 NM2=-NP-3
NM=NM2/2
NM4=NM*4
NT 2uNT *2
NZ 1=NM2*JM
REWIND 6
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RE~AD)( 6)
RF-AD( 6) (F I (J) td= I ,NZl1
DI) 1-0 1=?,NP
12=1-1
RRl=RHi( I)-RH( 12)
RR2=ZH(lI)-ZH( 12)
DH 1 )',R (RI"R IR ?R 2
RS( 1?)=.5*'(RH( I +RH( 12))

SV( 12)=RRI/DH( I?)
CV( 12)=RR2/1I-1( 12)

'0 C014T I NIE
DO 41 J=1,NM
J2=2*( J-1 1+1
,J3 j 2+1~
J4=J3+1

J7=J6+1
J8=J7+1

DEL 1=)H(,12)+DHC J3)
DEL2=DH( J4)+DH(,15)
T(j6)=DH(5J2)*DHl(J2)/2./0EL1
T*(j7)=DH(j3)'*(D)H(.2)+O)H(J3)/2.)/DELI.
T(J8)=DH(J4)*(DH(j5)+DH(j4)/2.)/OEL2
T(j9)=DH(i5)*4DHC.5)/2./DEL2

41 CIJI'IITNUE
DO 97 J=1,NM4
TR(J)=T(J)

97 CONTINUE
IF(KL.EQ.O) GO TO 98
IF(RH(1) 23*24,?3

23 IELI=DHCI)+DH(2i
TR(1)=OH(1)*(l.+(OH(2)+DH4(1)/2.)/DELl)
TR(2)=DH(2)*(1.+DH(2)/2./DELl)

24 IF(RH(NP)) 26,98,26
26 Jl=(NM-1)*4+3

J2=J1+1
)E-L2=DH(NP-2)+I)H(NP-1)
TR(J1)=DH(NP-2)'*11.+DH(NP-2)/2./DEL2)
TR(J2)=DH(NIP-1I1*(.+(DH(NIP-2)+OH(NP-t)/2.)/DEL2)

98 DEL=PI/(NT-1)
r2=SCL*4.*/OEL
IF(NN.EQ.0) C2=C?*.5
DO 43 J=1,NT
TH(J)=(J-1)*DEL
SN(J)=SCL*SIN(TH(J)))
CS(J)=SCL*C03(TH(J))

43 CONTINUE
XP(1)=2.
XD I =S.

YP(1)=5.
YP( 2)=5.
CALL PLANE(VR,THiNT)
c1= 180./PI
1)0 31 J=1,NT
TH(J)=Tli(J)*Cl

31 CONTINUE
1K0 92 J=11 JM
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J=( J-1 )*NM2
DO 93 I=1,NM
J2=J 1+!
J3=J2+NM
J 4 =2*1+1
F! (.J2)=FI(J2)*RH(J4)
F! (J3)=FI (J3)*RH(.J4)

93 CONTINUE
92 CONTINUF

DO0 81 :.r=I,JMi
K1= CKK- ) *NM24
S2=0.
DO 83 K=lt2
K2=(K-1)*NT
K3= (K-i) *NM2
DO 82 J=1,NT
J1 C J-1 )*NM4+K3

00 84 !=1,NM2
J3=1+Jl
J4=1+Kl
Iil=U1+VR (.J3)*FT (j4)

84 CONTINUE
J5=J+K2
E(J5)=O1
Sl=CABS(Ul)
G(J5)=S1*-S1
S2=S2+GC J5)*SN(J)

82 CONTINUE
83 CONTINUE

S3=SORT(C2/S'Z)
DO 85 J=1,NT2
E(J)=E(J)*S3
S2=CABS(E(J))
G(J)-=S2*S2-

85 CONTINUE
34 CALL LINE(XPtYP,2,1,OO)

D0 77 J=1,7

CALL SYMSOL(Sl95. ,.14,13,O. ,-1)
77 CONTINUE

CALL LINE(YPXP,2,l,0,0)
DO 78 J=1,7
Sl19-J
CALL SYMBOL(5. ,S , .14t13,90.,-l)

78 CON~TINUJE
DC' 86 K=1,2
K2=(K-I) *NT
DO 87 J=1,NT
JI=J+K2
St=G(J1)*SN~j)
GX(J)=5.+Sl
GY(J)=5,.+G(J1)*CS(J)
J2zNT2-J+1
GX(j2)=5.-SI
GY(J2)=GY(J)

87 CONTINUE
CALL LINE(GX,-GY,NT?v,,0,)

86 CONTINUE
WRITE(3i27) AMD(KK)



28

27 -1WMA I )F0LCtIRIC flKL1 AND GAIN OF EIGENCtRRENT FOR LAMBDA =1 EII
I .- # )

'P ' I I F ( 3, 23 8)
1- 1- MAT ('0 ) PI-AL(FO) IMAG(1E0) GAINO REAL(EO) I

I VAG( i(: ) G AI, )
WRI TiF (3,29)

DO 30 K=I,tjTfIlS
v?zN +K
W i rF-( 3,3'.'} TH( K ),F (K) ,r,(K ), F(K2) ,1'( K2 )

-4 .'-F I w A T ( I X,F f- .I 6t-I? .4)
0, r".i tIN T I NtlI F

CALL PLT(7.,0.,-3)
l C.IN T I NIE

CALL PlII (6. 0.,-3)

FNI)

//GrI.FTOhFO0I DO DSNAME=EFO34.RFVIDISP=OLD,t)NIT=2314t X
// V()L IE=S(R StR=1I0304,0CBr ( RECFM=VBLKS TZE=1,R0LRECL=1796)
//i.'YS IN )d0

I 21 73 4 3 0.3141593E+00 0.5000000E+00
0.2,S5665E+01-0.8756841--02-0.?h44527E+02
0.0000 0.000 1.0000 1.5000 2,0000 2.5000 3.0000 3.5000 4.0000 4.5000
S.0000 5.-OOO 6.0000 6.5000 7.0000 7.5000 8.0000 8.5000 9.0000 9.5000

10.00on
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0noo 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
o.O 0

//



Output of Program #14 29

NN NP NT NS J.14 3. SCL
1 21 73 4 3 -).31415-) 3F (0 .5uU L,:,'1P 00

AMD
C.25596651: l-U.d7b64-O-).O4s'7[ 02

RH
O.C 1,.50cJ 1.9)00 1.5:, , 2.bJO ) 3.01?' 3,.( , 4 .. ) 4.b"'W
5.O000 5.5001 b.!J0J, 6., ) 7. th0 7..0 ,07. 5 .3U" 88. , ) 9.3Ui60 9.9., r"
10. OcuO

ZH
O.c c., . r 0. . .0.' 0.3 C..0 C.{
n.c 0 .U G. t O.O t .{ C .' -j .: [. .

0.0

ELF.LTRIC 1 ICLJ AND ,AIN OF 1.|IL'1(.JWRLN} 1',j( LAM,4 A = .25L)^- '1

ti REAL (E&) I mA,( EO) GAI& 1 49 R-AL (LIN 14AW FV) IAIN
(.0 -C .1304b 1) 9J, 0~ .r 1699 0 .l3n4F )I ) .b (i.1699 L

13.G -0.12431: 01 ).') 0.1546F QL 0.1134E t-l 3.0 J).1287E I
2C . ()-O.IO JE U -. , 1.1 V5t I) 1.6tr %; 0.t .462V

3" .u -0.b,558t f ii S. .324F ' ).7477F--31 3.' I[-
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VI. SCATTERING CROSS SECTIONS

Program #5 which calculates and plots a/A2 for an axially incident

plane wave accepts punched card data according to

READ (1,10) NP, NT, NS, JM, BK

10 FORMAT (413, E14.7)

READ (l,lI)(AMD(1), I = 1, JM)

11 FORMAT (5E14.7)

READ (1,15) (RH(I), I = 1, NP)

READ (1,15)(ZH(I), I = 1, NP)

15 FORIAT (10F8.4)

READ (1,50)(L(l), I = 1, JM)

50 FORMAT (2013)

The variables NP, NT, NS, JM, BK, RH and ZH are the same as those in program

#4. The variable AMD appears under the heading "eigenvalues of the matrix B"

in the output of program #2. The L(I) th eigencurrent is the Ith eigencurrent

to be considered in the modal expansion of the scattered field. The variable

L(I) is necessary because it is desirable to perform the modal expansion by

adding eigencurrents in order of increasing JAI. (Program #2 has ordered

the eigencurrents in order of increasing X.) For instance, if X6 corresponds

to the smallest JAI and X5 corresponds to the next smallest JAI, then L(l) = 6

and L(2) = 5. The impedance matrix and eigencurrents are read from records 1

and 2 of direct access data set 6 according to

REWIND 6

READ(6)(Z(1), I = 1, NZ)

READ(6)(FI(I), i = 1, NZ1)

where

NZ = NM2*NM2

NZ1 = NM2*JM

and Ni*2 is either NP-i or NP-3 depending on whether or not the generating

curve C closes upon itself.
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Che subroutine PLANE is the same as in program 14. Much of the logic

before statement 7 in the main program is devoted to preparing the input

data for plane and is thus the same as in program #4.

DO loop 80 modifies the impedance matrix according to (2-47) of [1].

DO loop 19 obtains the matrix X appearing in (2-15) of [l]. Statement 6

inverts the impedance matrix to obtain the admittance matrix Y.

DO loop 85 calculates the scattered field by inserting

Rto _jR (5)L [] = [Y] R 1  (15)

into (5) for n=l. Equation (15) is possible because plane wave excitation

and measurement coefficients have the same form. Notice that (1--48) of

[1] is written using the eigencurrents as a Insis while (15) is written with

the expansion functions (2-42) in mind. The excitation of a u0 polarized

plane wave incident in the plane = 0 gives rise to expansion functions

(2-42) of [1] while the excitation of a U polarized plane wave in the

piane = 0 gives rise to expansion functions (2-43) of [1]. In DO loop 85,

KS=1 obtains plane wave excitation from the direction (6=r,4=O) and K5=2 that

from the direction (=0,4=O). DO loop 82 stores the column matrix [I] of

(15) in E3. DO loop 103 stores E, E , (C/112) , and (a/X2) in E(J), E(J+NT),

SIG(J), and SIG(J+NI) where J indicates the jth measurement polar angle 0. Here,

E is the 0 component of the far zone scattered field in the plane = 0 and

E is the € component of the scattered field in the plane Y = o
2 The phase of

the scattered field is normalized to -je- kr . i'he magnitudes jE0 j and IE I are

such that

(a/X) e=EO12
(16)

(a/A 2 )6=1EI 2

The constant C1 used to normalize the scattered field is given by
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( 7 )/2 (17)

The factor w2i12 /(47(X 2) appears in (1-51) of [1]. The logic between state-

ments 119 and 109 finds SCL(K5) so that the maximum value of SIG(J)*SCL(K5)

for J = 1,2,...2*NT is always between 3.2 and 3.0. DO loop 106 prepares hori-

zontal and vertical coordinates E5 and E6 suitable for plotting a/A 2.

DO loop 48 multiplies the eigencurrents by p to retrieve the coefficients

[I] of the expansion functions (2-42) of [1]. The matrix [I] is stored in FI

with subscripts (J-l)*NM2+l to J*NM2 denoting the jth eigencurrent. The admit-

tance matrix [Y) appearing in (15) will be expressed in terms of [I] whose

columns are the expansion coefficients of the eigencurrents. For the moment,

assume that there are NM2 sigencurrents so that (I] is a square matrix. Equa-

tion (2-18) of [1] can be multiplied by [i] to yield

[][Z][I] = [(I[X][I] (j + 1/P) (18)

Because of the orthogonality relationships (2-24), of [11, the right side

of (18) is a diagonal matrix. Equation (18) can be inverted to obtain

[i]-l(y] [I]- = i (19)

[IK]]I] (j + 11A)

which leads to

[Y] =[I] 1 [] (20)
(iI][1I] (j + 1/X)

Equation (15) is introduced into (5) with the result

ejkr 0o 1 ty3 j~](1

4ir L
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where [Y] is given by (20). Equation (21) is a specialization of (1-37)

of (1]. Alternatively, (21) could have been obtained by finding the matrix

L [It] associated with J of (1-30) of [1] and inserting this matrix into (5).

Eviduntly, the use of JM<NM2 terms of the sum (1-37) of (1] is equivalent to

using only 3M columns of [I] in (20). DO loop 21 stores the diagonal matrix
1

][-X][I] (jI + 1/T) appearing in (20) in E3. The inner DO loop 27 stores

[I] 1in T3.
[TIJIx][I (j + 1/A)

Th index K of DO loop 29 indicates that K columns of [I] are being

used. DO loop 30 adds the contribution of the L(K)th column of [I] to the

admittance matrix [Y]. In DO loop 65, K4 = 1 obtains the plane wave incident

from (0=, 4=O) and K4=2 that from (0=0, =O). Inner DO loop 45 stores

Y][Rt0 j 1] in E3. In DO loop 66, K5=1 obtains E and K5=2 obtains E

DO loop 44 calculates E., E, (a/A2)0, and (a/X
2) and stores them in E and

SIG. The quantity a/X2computed using the modal approximation to [Y] is

plotted as symbols (X for 0 polarization and 0 for polarization) and the

quantity a/X2 computed using [Y] obtained by inverting the impedance matrix

is plotted as a solid curve in the latter part of DO loop 66. The logic

following statement 66 is devoted to drawing the axes for the plot and print-

ing the quantities E0, E , (a/X2)0 and (a/X2) . The scattered field components

Eel E6 that are printed lack the phase factor -je-j k r and are normalized accord-

ing to (16).

Minimum allocations are given by

COMPLEX Z(NM2*NM2), Y(NM2*NM2), VR(2*NT*NM2), E3(NM2), E(NT*2), T3(NM2*JM)

DIMENSION AMLD(JM), RH(NP), ZH(NP), FI(NM2*JM),

DH(.P-), TH(NT), X(NM2*NM2), SIG(NT*2),

L(JM), SN(NT), CS(NT), E9(NT), ElO(NT),

E5(NT*8), E6(NT*8)
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COMMON RS(NP-1), ZS(NP-1), SV(NP-l), T(NM2*2), TR(NM2*2)

DIMENSION BJ(3* (NP-i))

DIMENSION LR(NM2)

Here, NP is its value after execution of statement 90 in the main program.

Note that BJ appears in PLANE and LR in LINEQ.



36Listing of Program #15

II (0034,EE4,2,,7)t'MAUTZ,JO~E,MASGLEVEL=I
/FXFC FORTGCLG,PARM.FORT='MAP'

//IFORT.SYSIN DO *
SUBROUTINE PLANE(VVR,THR,NT)
COMPLEX VVR(l)iA5,A6,U
COMMON U1,RS(tO) ,ZS(40) SV( 40) ,CV(40) ,BKNP,NNT(80) ,TR(80)
DIMENSION R.J( 126) ,THR(1) ,FK( 20)
KG=NP-1
NMxKG/2-1
M 2 NN +2
A5=2.*3.41593*iJ**'(NN+1)
N V=NM*4
FK( I )=.
DO 153 J=1,M2
JI=J-
FK(jI )=FK(J)*Jl

153 CONTINUE
DO 156 L=1,NT
Ll=(L-1 )*NV
CS=COS(THRC 1))
SN=SJN(THR(L))
BC=BK *C S
DO 302 J=1,KG
X=RS (J )*BK*SN
Jl=J
I 1=NN
IF(I1) 303,304,303

304 11=11+1
J1=Jl+KG

303 DO 305 JJ=Ii,M2
IF(X-l.E-5) 1,1,2

1 IF(JJ-1) 3,3,4
3BJ(Jl)=1.
GO TO 306

4 1W IJJ)=0.
GO TO 306

2 RH=X/2.
RH2=RH*RH
RH3=RH**( JJ-1)
Bj(jl)=RH3/FK(JJI)
SS=BJ(J1)

A SST=SS*1.E-7
0)0 155 K=lt20
SS=-SS*RH2/K/ (K+JJ-1)
BJ(Jl)=BJ(J1)+SS
ZF(ABS(SS)-SST) 306,306s 155

155 CONTINUE
STOP 155

306 Jl=Jl+KG
305 CONTINUE
302 CONTINUd

IF(NN) 307.308*307
308 00 309 J=l,KG

J3 =J+2*KG

30q CONTINUE
307 DO 300 J=1,NM

Jl=J+Ll
J2=J1+NM
J 3 = a2+N M
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J4 =JA+NM
VVR(JI )=o.
VVR (J2 ) =.
'IVR W 3) =0.
VVR(J4)=O.
00 301i 1-1,4
I12*( J- 1+1
14=4*(J-1 )+I
IZ2J 1+KG
13=12+K,
A6=(COS(ZS(IIP)-RCS)+IJ*SIN(ZS(JI )*BCS))*A5
8.11=( , (I 13)+1u( 11I) )*.5
IJ2=(BJ(i3)-PJ( II))*.5
VVR(Jl)=VVR(Jl)+A6*(CS*SV(I1)*B2+SN"CV(I))*BJ(T2)*U)*T(,#)
VVR(J?)=VVR(J2)+A6*CS*RJ1*TR(i4)
VVR( J3)=VVR( .13 )+A6*SV( 11 )*BJ1*T(14)
VVR(J4)=VVR(J4)+A6*BJ2gcTR( J4)

301 CONTINUE
300 CONTINUE
156 CONTINUE

RETURN
END
SUB3ROUTINE LINEO(LL,C)
COM4PLEX Clj),STOR,STO,ST,S
DIMEFNSION LR(58)
DO) 20 1=1,LL
LR( I)=I

20 CONTINUE
141 =0
DO 18 M4=lLL
K=M
DO) 2 I=M,LL
Kl1= Ml +
K? =M +K
IF(CARS(C(Kl)I)-CABS(C(K2))) 2t2,6

6 K=I
2 CONT INUE

L S =1. (M)
LR(M)=LR(K)
LR(K)=LS
K 2 =Ml +K
STOR=C(K2)
J1=0
DO 7 J=1,LL
Kl1=J I+K
Q2=J 1+M4
STO=C( Ri)
CC I) =C(CK?)
C(K2)=STOJSTOR
Jl=J1+LL

7 CONTINUE
K 1 ;-Ml 11
C (K 1 1 ./ STOM
DO 11 1=!tLL
IF(I-M) 12,11912

12 K1=M1+I
ST=C( RI)
C(K1 )=0.
,11-0
DO 10 J=1,LL
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K I =,11+I

JI 1 -J 1+LL
10 C N T I "i
Ii C8N~T PN1w

?11 =M1+Lt

J1=0
n0 9 J=1LL
IF(J-L-R(J) ) 14,8,14

14 L R J=L R ( J)
J2=(LRJ-1 )&LL

1 tDfl 13 1=1I , LL
K2=J2+1
K I =j 1+1I
S=C K? )

C(K2)=S(I

LR (J)= LR (LRJ)
IR CLRJI) LRJl
TF(J-LR(J)) 14,8,14

A J1=Jl+LL
9~ CONT INIJE

RTURN
E NO
COMPIEX U)2U1,ZC1444),Y(1444),VR(5548) ,E3(38htE(146),13(1444)
DIM[-NSInN AMD(38) ,RH(4i),ZH(41)tFU(1444),DH'(40)tTH(73),X(1444)
OTMEMSION SIG( 146) ,L(38) ,AREA(400) ,SN(73) ,CS(73) ,E9(73) ,ElO(73)
IJ1'1I4SIfIN XP(2) ,YP(2) ,E5(584),E6(58i) ,SCL(2)
lOUIVALENCE (Z (1),Y( 1))
COMMa)t' ',RS(401 ,ZS(4OhtSV(40),CV(40),BK,NP,NN,T(80),TR(R0)
CALL PLOTS(AREA,400)
REAi)(1,l0) NP,NT.NS,JM,B(

10 F-RMAT(4l3.E14.7)
REAO( 1,11) AMD( 1), 1=1,JM)

11 FORMAT(5E14.7)
READ( 1, 151(RH(H), 1=1,NP)
REA)( 1,15) (ZH( ),1=19NP)

15 f4iRMAT(1F8.4)
REA)( 1,50) (L( I, I=1,JM)

50 FORMAT(2013)
WR~I T F 3 ,9 1

9FURMAT(ll NP NT NS .JM BK(*)
WRI IE(3t12) NP,NT,NS,JM,BK

I? Ff'RMAT( IX,413,F14.7)
mlITFC3,13) (AMDCI I ,I=l ,JM)

13 F(IRMAT('0AMD'/(IX,5E4.7))
wR ETE (3,16) (IRH(), I='lNP)

16 FOJRMAT( ORH'/ 1X, IOFR.4)
ITE ,3, 127) (ZH-( I I I1 NP)

127 FfJRMAT('oH'/(1X,1OFR.4))
iqRITE (3,51) (L(H1),=1,JM)

~1 F ORMAT ( 'OL'/ (I1X 2013)
111=3.141593
FrA=376. 730

I =( ., I . )

KL=1
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IF((RH(l)-RH(NP)).NE.O..OR.(ZHi-1)-ZH(NP)).NE.O.) GO TO 90
KL=O
RH(NIP+fl=RHC2)
ZH(NP+1 )=?H(?)
RH(NP+?)=RH(3)
ZH(NP+2 )=ZH( 3)
NP=NP+2

90 NM2=NP-3
NZ=NM2*NIM?
NZ 1=NM2*JM
RFV)IND 6
READ (6) (Z(! 1=1 ,NZ)
READ(6) (F! (I) ,1=1,NZ1)
NM =N1?2/ 2
NM4 =NM *4
NT2=NT*2
NT 3 =NT-N $
NT4=NS+l
DO 40 I=2,NP
12=I-
RRI=RH( I)-RH( 12)
RR2=ZHC I)-ZH( 1?)
D)H( 12)=SORT(RR1*RRI+RR2*RR2)
RS( I2)=.5*(RH I )+RH( 12))
ZS(12)=.5*(ZH(1 )+ZH(12))
SV( 12)=RRI/DH( 12)
CV( !2)=RPR2/DH( 12)

40 CONTINUE
DO 41 J=1,NM
J2=2'*(J-1)+l
j3=J2+1
J4=J3i-1
J5=J4+1
.6=4*(J-1)+l
J7=J6+1
JB=J7+1
J9=JB+1
DEL 10H(J2)+DH(J3)
DEL2=DH(J4)+DH(J5)
T(J6)=DHCJ2)*DH(J2)/?./DELl
T(J7)=DH(J3)*(DH(J?)+OH(J3)/2.)/DELI
T(J8)=DH(J4)'v(DH(J5)+DH4(J4)/2.)/DtEL2
T(J9)=DH(J5)*DH(J5)/2./DEL2

41 CONTINUE
0O 91 J=1,NM4
TR(J)=T(J)

91 CCNTINIUE
IF(KL.En.O) GO TO 95
IF(RH(1) )93,94,93

93 DEL1=DHIL)+DH(2)
TR(1)=DH(1)4*(1.+(DH(2)+DH(1)/2.)/DELl)
TR(2)=DH(2)*(l.+DH(2)/2,/DEL1)

94 !FIRH(NP))96,95,96
96 Jl=(NM-1)*4+3

J2.i1+l
DEL2=DH(NP-2)+DH(NP-1)
TR(JI1)=DH(NP-2!*(l.+OHCNP-2)/2./DEL2)
TR(J2)=DH(NP-1)*,(l.+(DH(NIP-2)+DH(NP-1)/2.)/Dc L2)

95 O)EL=Pl/(NT-1)
DO 43 J=1,NT
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1"(J)=(J-l )4DE1
S)N (J ) =SIN ( 'TO J )
cs (J) zCpe( IH( .)

4 1 -tIN I 4
NN= 1

7 CALL PLANE EVRiTH,NT)

on 128t J=lNT
TH CJ) =TH ( J ) 'EL I

12A' ZONTINI

XP ( ? ) =8 .
YP( 1)=5.
VP (2) =5.
ti1=.5*U
DO 80 .J=I,Nm
.1=(J-1 )*NM?+NM
,14=( J-~N-1 *NM42

Dn Ri I=l 1 NM

J2=dl+I

7 UJ2 )=tJl1,Z J2)
I (j3)=-Il'*Z(J3)
J5=J?--NM
J 6 =J3 +NM
Z-(j5)=.'5*ZIJ5)
Z ( J6) =.5*tZ ( 6)

81 CONTINUF
80 CONT INUE

Dn 19 J71,NM2
J2=(J-1)*NM2
On 20 11J
J3=J2+I
14 =( -1 PrNM2 +J
tu=.5*(Z(J3)+7(j4))
X ( J 3) zA114AG( UJI
X(j4V=X(J3)

20 CONTINUE
19 CONTINUE
6& CAlL LINEO(NM2,Z)

Do 85 K5=I, 2
J5=(2-K5)'4(NT-1BiM
00 82 I=1,NM2
E3t I)=0.
DO0 83 KK=LNM2
.j3=1+(KK-1 )'NM2
J4=j5+KK
E A( I) =E 3(I)+ 2 J 3 VR J 4

83 CON TI MII
8? CINT I NIE

S 2 = 1) .
DO 103 K.51,2
J5=( K6-1 )*NM?
JR=(K6-1)'*NT
DO 84 J=l.NT

I I I=0.
il=(J-J )*NM4I-J5

noPA IZl,14JM2
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RR C(1NT I Nt-
E ( J7 )=C 1 IiI
SI=CABS(E(.17))

SIG(SIC,(J7)GS?)5=.7

84 CONTINUF
103 CONT I NUF

WR I T L (3 t5)
5 FORMAT( 'OSCATI-%n FIFII) AND SCATTFRING CROS.1S SECTION/WAVELENGTH S
IOIJARFD-I )

Sl=( 2-K5) *18O.
WRITI(3,124) SI

124 FOIRMAT( ' BY MATRIX IN~VERSIO0N, INCIDENCE PPR11 0=' ,F4.0,1', 0=0')
2 WRITH3,11k)

118 FO1AT( 1+I 36X,'-' ,7X, 5/I)

WRITE (3,39)
39 FORMAT('O 0 REAL(En) I fkAG,(EO0) SO/ (LAW )*? RFAL(FO)

JIMAGCEO) SO/(LAM)'l*?l)
WRI'E(3,117)

117 FORMAT('+ -'1X'.,I,- -',IRX,'/',1IX,'/ /')
DO) 37 J=1,NTNS
J1=J+NT
!JRITE(3,3P) TH(J) ,E(J) ,SJG(1) ,E(JI) ,SIG(.Jl)

38 FOPRMAT(lx,F6.I ,6El12.4)
37 CIINTI NIE
119 J1=10+ALJG1O(S2)

S4=S2: S3
I FlS4-1.5 3 110,110,111

110 SCL(K5)=2.*S3
GO TO 112

III IF(S4-3.) 113,113,114r113 SCL (Y,5) =
GOl TO 11?

114 I3:(S4-6.) 115,115,116

GO TO 112
116 SCL(K5)=.2*S3
11? S5=1./SCL(K5)

WRII-F(3,109) '5
1.09 FORM-AT( 'OOnE INCH CURRI-SPONDS TO STGMA/(LAMROAP)*2=0 ,E1l.4)

DO L 0 6,1 K6=1,2
Jl=(K6-1PNlT
J3=NT2*( (K5-1)*2+K6-1)
DO 107 J=1,NT

J = J 3 +NT2-J +1
S2=SIGC J7)?cSCL (K5)
S1=S(4(J)*S2
E5(18)=5.+S1
E5(.j9)=5.-S'i
E6(j8)=~5.+CS(J)*S2

107 CONT I NU
106 CONTI NUE

85 C(1NT I NIE
Do1 48 J=1*JM
J1=(J-l )*NP2



.1J2.J +1
~J4; I~ I

J ? I ( j 3) I ( .1 k- 1 p -1 (3,4 )

18 CONTIN11f

JI.= I ) -NN
0i~.

Po; 2?1 1 1 NM 2
S2=0.
J4=( 1-1 )vNUI?
DO 21 K=1,NM?
.13=J 14K
J2=,14 +K
S2=S2+X (.1?);tF I(,13)

23CI1NTINiF
I)? I I+ i
SI=Sl+S21 Fl (j')

?? COaN I Ill-

D0 27 1=1,NM?

27 CONIIN01-
21I CIINT I IF

Ml 3? J=1,M?
Y(1) =0.

3? CONT I NIJ
DO0 29 K=1,.IMl

52 J3=(L(K)-)NM2
00 30 J=1,00t'?
J I = (J- I1I *mm?
15=j3+J
00f 31 1=1,.l
J?=J1+1
J4=13+1

Y(J2)=Y(.12)4F-(J5)AT3(j4)
J6=1( I -1*:'JM2+J
Y ( .16) =Y( .12)

31 CON T INUF
30 CON'T INUJE

00 65 K4=1,?
18= ( -K4) +('T-1 I:(,.
ONr 45 11I,NM-?
F-3( I)=O.
00 46 KK=I.,N?
J3=I+(KK-1 ),NM2

46 CflNTINIJF
45 C0iT I NUE

D0 66 K'P-1,?
Kl=1 (K4-1 )"2+K5-1P3-NT2

K?=(I2-K5)* 4
JS= (K5'-l) ANM?
W~ 44 .= M N



111=043

Jl= J-1 )*NM4+J5
DO 47 I1I,NM?
J2=Jl+I
tJl=U1+VR(J?)*F3( I

47 CONTINUE
J 8= J7 +J
E IJ8) =C 1*I
S2=CABS(E(J8))

S2=SIG(J8)YcSCL(K4)

44CONTINUE
Dil 86 J=1,NT,NS
CALL SYMBU)L(E9(JI),110(J),.07,K2,0.,-l)

86 CONT INUE
DO0 89 J=NT4,N13,NS
JL=NT-J+ 1
S1=1O.-E9(Il)
CALL SYM8OL(SlE10CJ1), .07,K2,0.,-1)

89 CONTINUE
CALL LINE(E5(K3) ,E6(K3) ,NT2, 1,0,0)

66 CUNT INU E
68 CALL LINE(XP,YP,?,1,O,0)

DO 77 J=197
Sl=9-J
CALL SYM9OL(Sl,5. ,.14#13,O.,-1)

77 CONTINUE
CALL LINE(YP,XP,2, 1,0,0)
DO 78 J=1,7
Sl=q-J
CALL SYMBOL(5. ,Sl,..14,13,90.,-l)

78 CONTINUE
CALL PLOT(7.,0.,-3)
WRITEC3,122) K

122 FOAMAT('O',13,1 MODE SCATTERED FIELD ANI) SCATTERING CROSS SECTION/
1WAVELENGTH SQUAREU')
Sl=(2-K4)*180.
WRTTE(3t129) SI

129 FORMAT(' INCIDENCE FROM 0=',F4.0,l, 0=0')
WRITE(3,120)

120 FORt4AT( 1+*,15X, '-',7X, 'I')
WRITE(3,39)
WRITE(3I117)
DO 126 )=I1,NT,NS
Jl=J+NT

126 CONTINUE
65 CONTINUE
29 CONTINUE

CALL PLOT(6.,0.,-3)
STOP

E ND

//GOFTO6FOOl DO DSNAME=EE0034.kEV1.DIsp=tllDNTT=2314. x
1/ VOLIME=SER=S5U0004,DCB=(RECFM=V,BLKS [7E=1800,LRECL=1796)

//GO.SYSIN DD *
21 73 4 3 0.3141593E+00

0.0000 0.5000 0.0000 0.5000 0.0000 0.5000300 .00 .00450

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 000 .000000 .00

C .0000
2 1
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OutpitL ol It ,. t r t

NP NT NS JM q,
21 1T, 4 1 1.3i", -)3': .'

0.2 t#'ohb66 5 ) - 0 d785-'. L.-02- . 6bt4b5 If 02

RH
0.0 c. ')uO I .3n )) ' I 2. 1) 0.10 5-101) 3.OCC. 3.'v 0 4.0 0') 4.51C+

5.0JIV, 5.0 t,) 0 ..6 j b.50 7.TOr I 7.5 0' 8.C00 8.500" 9,.'),+0 9.500 r

lH

O.C C. 0 .l 0.) 0. t 0.0 . 0.0 ."
0.0 0.. k) 0.,.6 j.'* )..0 j." 0.0 (11.S

0.0

L
2 1 3

SCATTt-bEO IELD AN{) SCATTi.R IG CR )SS S&TION/bAVELFNGITH S UARI-D
BY MATo<IX INVERSIUN, I 4CIOLNCL f 1i4M t=1 1., -3

0 REAL( Ev I IA,-( E) / iLAM) R2 AEAL( I F) I MAG(F;A) SO II AM,1*
s. 0 -6.3)24Ft I .23('1E 03 (, .9'F 'l 0. V)4F 01 -0.2331F f" 1.9198F ^I

IG. 0 -,.2 0i- 01 ).2291: 00 0.84(0C 31 J.2897F 0l -0.1925F C' 1.4429F Cl
2'.J -0o2SOE 01 o.2243E Ou C. 6c55 "t u.2550 01 -0.9186E-CL J.651CE CI
3Z.0 -O.zlJbE 31 u.213E "' 0 0.. .48r 01 0.2071E 01 3.413dF-1 0.4289E CL
4,.i -C.1U,)4E 1 J.1929E )u u.2otIC 9 1 0.1561F '01 0.1736E L 0..2468E CI
50.) -0.114)A 0.lo3bE M1 '.. 127E 1 0. 1LC5[ 01 3.2812E ;" 0.1331E CI
6'. ,) -O.7 )LIE - ).12 ?E 0) 0.':1833- 0" 0.7484E OC 0.35521 C"') ").6863" 0;)
71.C -0.4479E 01 ).5b363E-)L C,2C6IF ). 0:.5%29E U" 0.3988E O0 ).412CE Q'
8o.) -0.269E C/) ).4351E-;l 0.44690[-3l 0.3627E (IC 0.421r0E C) 3.3079F C
92.: -C.3olE-.6 ).7842F-)i 0.137"r-12 C.3L75F O( 3.4261r 03 f.28?4F '

10. 0.2069E C) -0.435 LE-3L C.446,{F-UL 0.3627E IX .42"(,E C ) .3079r ("
II.0 0.4479F C1 -0.6638E-01 C.2'81' 00 C.50?9E 0, 0.3988f- C) J.412,'E -t

12C.C 0.7531F C) -).1272E 00 0.5b33E "0 C.7484c OC 3.3552E 0j 30663E ',"
131.0 O.114')E 31 -3.1636E 30 0.1.327F ') o.115E 01 3.2P12E C) 0. 13016 Cl
140.3 0,1604E )1 -3. 1929E '3') 0.2611F C1 0.1561E 01 3.1736E CQ l3.2468E Cl
150 C.2Libb 01 -3.2L3 E 03 0.4480c 01 0.2071b 01 3.41"8E-01 3.42896 Cl
163.0 0 .257JE 31 -'.2/4"E 30 0.6655E 11 C.2550E C l -3.91s6[-l C .611( E (1
170.0 G.2903 tl -0.2290F 00 0.8478E 31 ".2897F 01 -).1925E LI 1.8429F Ut
1d).0 C.3.a4t i - .-'.2_i_1 L 03 C.9198E )I t.3 )24E 01 -0.23 11F C" ,) . 19pF. -1

ONE INCH CRA.ES PY4DS TI SIGmA/ILA4BDA)* '2= J.'u0"F Cl

SCATI- 0 FIELD kI1D SCATTERING "RjSE SECTION/wAVELENGYH S.AJARLI)
BY 1 i.tX INVERSIMN, INCIoENCE -R)M 6= )., V=0

REL(E) IMAG(E4) o9ILAM)*2 4FAL(Eb) IMAG (EU) S/(LAM)**2
0.0 0.3)24E 31 -1.2301E 00 O.9199E '1 -0.3n24c 01 0.23*lE 0) 3.9198e 01
13.0 0.2903E )I -).1290E 00 0.8478E 01 -0.2897E 01 3.iL 25L Ci .).9429L CI

2-.0 0.2570E it -0.2?43E 00 C.bo55E 01 -0.255lt 01 C.918b1--01 -.6516E C!
3u.0 0.2IJ6E )1 -O.ZL3CE 00 0.4480E 01 -0.2071F 01 -3.413A1F-31 -1.4289E Cl
40.0 0.1bU4E 31 -O.L929E OG 0.2611L- 01 -L.lb5lE 01 -3.3o.t ( ) G.24tbF Cl
50.0 0.1140E 31 -0.L636E )00 0.1327. 01 -0.11(5E 01 -3.2812F 0) 3. 1331E CI
6J.0 C.7531E A.9 -0.1272E 00 C.5833F 00 -01.7484F OC -0.3552F CO, 1.6863E CC
70.0 0.4479k 0) -0.8638E-01 C.2M8l- )u -0.5029F (.0 -3.3988& G') 0.412CE Cl.
80.3 9 .2CbE 00 --0.435E-3I 0.4469F-)1 -fi.3627F 00 -0.4200E 03 n.3C79E C--L
90.0 0.3617E-36 -0.7842E-07 0.1370-12 -0.3175E OC -3.4261F C) 0.2824E CC

100.0 -0.2069E (,0 3.4351E-01 0.4469F-0l -0.36276 CO -0.4200E C, 0.3)79- C(
IIG.O -0.4474E 0, ).Ob3dE-01 C.2081E 00 -0.5029E OC -0.398E (0) ,.412rE 03
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13 d G I 4 )E ) .lb3 6t )", 4. 13? 7t I - '). 11,051-1 -,. 2 4 0. O~ 1 I 3 L

14(,.) -0. 1634E 31 0.1 29E -1 0.261 1 1 -6. 1561F ,I -D. 17 i6L P 0P *46lF rL
25,.d - 1.34E WA ).213'E 4t 6.44')1 -. ?k!71- I -,.o41 if-o) 1 .4 ?49C f)1

6 1) -(.2 731 : 31 )o.2,4 1). .6'15F '1 - I./.550f I j 3.QI,- , - 1 .' 1 F 31
1b). L 2:.2) F )1 ,J (b O .8 d' l - .")S71 1 3. 1?1 f t,', -. 14?9F18" . 0 -6. 3-)24E 0I J. 2 3C1E 3'1 9114-31- 1 -".0?4t , 1 %2 3. It 0. O.9198E tILr

CNE INCH CUt'RtSPUNowS v) SIGP'A/(IA4bUA)-?= f',('4 I.1

I M JUF SCAT rEREU I -IF-I) AN.. S&O IT r I NG Ck RJ3$ SFCT I iN/ViAVtL L ,IH S'JOIAPF

4 R FALIEO) 1 A E:) 3 (LA ).9 t,%~ 3} 4( ) 'i'/M A' ),

-0 .2695 t: .! -).2543E-1 r.ti piIF 'A 1 .?8'J5F 01 2.243 1--'1L J.13d.3 1
1X. -C.27$ i 11 -C.1442F-)1 t .1720 n ).204t (1 4. 6,F46.-.1 1,71 "i 'I
2J.' -0.?464E J 1 -. ', 55 E-'l .1,73F 01 ).24'2F f'1 3.- i I-II 0.616IF 'I
3. . i-C .2C2 5E Jl - . 177 -)1 4 ' .) F - 'I V .2 )6?F l J. 181 2t--! I .. 4253F I
4..0 -(15b -)1 .135dE-.1 2.).,)Fj. A O.16l3E I1 3.1411E-01 ;.26j2k ,'I
51.C -0.11v3b 01 -j.4687F-32 u.12 1 31 3.1206F )I 3.Ift.: f-uI . 456E 01
6).(, -C.7339C ) -j 30.o422F-)2 5. 3 4 1 )1. r,.8343F C, 3 7 7 )F - 0,2 7.T8?[ c E

7J.. -C.4363F LO -J. 3 -33 b- )2 C *)3 t '.L '.oob&L '3 3.57Q)'E-C.? ' . 57E
8 .' -0.202-.;" V' -0.1775E- 32 G.4ttIE-Jt i.. 5 .3 [ C.46,1E-r 3.2 s15 15
9 -,Y.' -C,.33 5 35 - J. i lbF- . 1.1 5)F- 12 4'. 3851 0- : .42 ? E?-U )..23f7L "

l- ),C 0.2C20[" Cj t.1775E-0 2 U.41^81'-i1 0.53"5F .c 3.4tu)11E-02 1.2?15 E
1I0. C 0.4363F 03 ).31133F-12 1). Po C4E 6 0 .061Jc'E :, ( 3 . 5 799E - G2 ).4357C

l2k.) C.73-)9F .. , 3.642E-)2 C.5343F ) -, c.3843r CC 3.7 79F-3? 1.782(E L.
13-0.G L.I103L 3L 1 0. T81E- 2 C.d 1.eI - 3 1 2bF ,l 3.I( t F--31 ).14561 ('1
14C.0 C1. 15 ) . 115*-)1 . l 31 .?34- '1I 3.41I7-'l ) . ,32F L1
15 0.2023E 01 O.177dE-0)1 j.4,''E 1 0.2'62t: ; I .I -12--2CI J.42253b 1l
163.%. .- 4'E ,) ).216,)C-)l CIuo 73t- C.2442E 01 3.219IF-0L I .6161F I1
170. 00.2760E )01 D.2442E-01 0. 712E L31 -. 2784F 01 3.241- C 1 .77i3E CI
183., l .2895E 31 ja2541 E-)l ,,.83 I F )1 .2895t- t) 1 3.254 E-01 ".31)3F "I

I M0!lt- SCATTLREU F I FL 0 AND SC\IT I E ? Vo CROlSS SFCTl. ,%/AV-LFGTH SOUJAkt)
ItCIDkrXCE FRtll t-= .}o,. =

L- REAL(Ee) I 4AG(E- ) E S /(ULAm)1 *2 4 EAL ( I. I MAi( t-0) Sl/ (LAt.O ) '2
'). ( 0 .289 -)E jk I .2543E-01 0. 8 13L." Jl -0.2895f 0I -%'.2543r-( I .. b3tflr ( I

13).o O.278JE 01 I.,,442E-0)1 -0.772.3E ..,1 -0.2784F ,#I -3.244,61--Cl 1.171.3L (I
20.0? 0.2464E )I 0.2L65E-)lL(,6C75F 01. -0. 2442 [O0 -0.o2P11 -C'L 1,o6 1F Z.I
30. Q U .202. 3E 01 ).L77-.E-31 0.. '01- 11 -Q,. ?,r62 F vI -0.11-12r-cL 1.4253F ('l
43.u 0.1546E 01 i.1358E-31 0.2310C 01 -C.1613E CI -0.1'.17[-Ol ,1.2 0 2F :1
50.(. 0.1133E 01 0.)687E-02 0.12i1E 01 -C.12J6 l -0.1"b([-0I ).1456C -l
60.0 0.73A09E 00 3.o422E-02 " 5343[3 0 -1.8,43F 110 -3.7759F-30 ).1?'24'F Cf-
7 .,) 0.4363E O) 0.3833E-02 C'.IlC4,F 1) -C). ob',%I C¢C -.0. 5 7()[-f ) .407F G t
8r.1 0.2CZ'E 0) 0.1775E-02 V.4. 1F-01 -(..53l%9F 0( -3.4(6lF-O? ).2315E (,,
9,;. t 0.3535E-136 -O.ilbF-08 %.,. 125"1-- 2 -,,. 4485F UC, -0 .4?,1 ?F-,*1. l. 2 38 7 F C.

100.1 -0 .2G240E 001 -O0.17 7 5 E-02 D.4 :8 E-01 - 0. t)3 i,b ,) C - 0. A,6,I-)1C C 0.2,iI5E

11.).u -0.4363E O0 -3.34l31E-32 0. 19 ftU 30 - 0.660OE OC -3579qC-02 1.435 7F C."
12,0 -0.7309E 0. -O.4 22E-92 ;.5343F )0 -,.8843F u0 -3.771)9F-32 0.7 82r(1 C.
130'. 0 -C.IIi63E Jl -0.368 -v2 0 121.2lF 11 -0. 120.)F V I -3. l rE-31 1.it'.6 'I
140.0 -0l46E ')I -9.135 E-tI O.2340I 01 -0.1613E AnI -3. 1417T--Cl I .?b,?rF LI
15.). -0.2023F 01 -).I776E-01 3. 40% Q5 I -0.. )62F 01 -3.1612E-01 O.zt255' i1:
16).0 -0.2464E J1 -3.2165E-01 6.6 73F 311 -0.240PE1 -3021,)f--CI J.6lol" n
17).3 -0.2780F 01 -0.2442E-01 0.17?SE 01 -0.2784E 01 -3.2440E-C1 3.7753E Ol
18.3 -0.2,395E jI -n.2543E-01 O.oi381F -1 -3.2l95E (,1 -3.2541F-01 0.3I It rl

2 MODE SCAfTEkE) FIt-LI) AN) SLA"TERING CRJSS SEC7Il.N/WAVrL[NoT4 SQ'IAPEO
INCIDJENCE F1(JM O=18v., =.)
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- REAL Ebl 1 44cl,. 1 t/"I( A14) ,? RE:AL(L/I I MA-, (ht) SA/(LAM), V2

' o -. 30 2"! Ii i.'Y9 ft 0. 2 IE -31 3.302?F 01 - .2c94r c, o O.q?21F Ci
".,-O 0.2 L ~ 0i 1 ., -, -),, t , ",.84 )OF jI 0.2895E ')1I -:). 2 St2[ 1 J C 44 6E .

. -C.2b * l1 ).? ,71E JO, ,3.b'6,1-1 31 0.2548E .31 -3.14771- 0,) ).h,3II-E CI
lbJ., - .2lJ7E 31 0.2't)-)F )1 .4,7IF )1 0.2")6)E: LI -%.5127 1- .42!13 1- 1
4 .) -0.1607i7 ,1 0. 14 1 4f r) , 2. 6'11L I) 0.1561E t)1 D. 1471: 0" ,. / It51) F Cl
') ). ,'-0 .114 I t 01 1) 9 ?L--Ul C.. 1315 3 1 . 06F Ol 0.2687E 0) o. 1291;F t, I

6).- -0.29'01 ,13-L ' t1 " L - l-) 10. Ci. '4,r JJ u.7489[ C1 -3.3583 " 0 .01164F 3,
71. '  -0.4ol I E C' ).ilf't4I:-E ) o .')3tF )W C.503o t. 3. 4t II- C ) A,'t1861- C I
2 .) - .2 dh 1b 41) . Ii) iE- )I .* 347t--) 0.36 3,)F- Ac r.43?f "I )3.J 15tl h: i-
,90 . -0 . 31, 38F-.h )6 ) ) S2 - 3.1.329Fi~I. u.3 lq3j o; J. 4 199L: 6i U.19,-
10 , (; . Odi -80 . -r .1 bit)I-01 0.'1 14 f -0l 1 .3o35L: t C :).43? t- 1,, 0. 1l8t
LID. k; 0. 4501i t ) - ).$II L- -1) G.I 36 00 (+.5036t: )L 3.4rt)LF 1) .41 b6F ('

I , .; 0O.526 0) -9. 573 1E-,) 0 0.92212 01 0.7489V O1 3.351" o) )6-l,6 4F
13'.,)  O.L43h( OI -J. 0592F-01 C. 13 1 1- -U.806F )1 3.268 IE 0) ).124',: '1
14). C .2Ob7F q1 -0..1o) LF F 0.4 1010 O- 0.154iF 61 3.147,r :) ).2.'.59 l
I3J.t u.2107E 91 -).1')5Vt l)) 0.4477F 01 0.2)69F 0 1 -. 51i-"3 '.42 AF "1
16 J.,j o .2b6E 01 -o.2471L Ou ,.6612 91 0.254,8b 01 -3.1471 - G.2 ,).?45O" S t
17..1 O.?14E 31 --). 2 854F 0 0.-11 -io 0.295E 01 -3.2582C 3 ).81461- 11
8 ,.O 0. 32 .1E -).4E QIJ 0.9221 "IoI 0.302F 010. -3.5')4f 0) .21F E

2 MOIDEIX ATTEREi) 1-1-L,) ANo SCM ERTiilNG CH'ISG SECT i,%I/kAV-LPHT.H SUJArkt,)
INW OFNCE FROM tf= 0., 10= )

7... C.JAL (Ai) .14 1 A/(LAM)*2 - 3EAL(.) I M 3A-,[ (E-(6 1)
8,)J"0.2(:0- (11 -).2I994F 3) 0.9221F (-)I -0.3'22F M3 3.2Q)4F C) 0. 922 11

103. 0.2918E -)I -.. 285 ) j C .el496L '1 -0.2895E nI 3.25,12F GCl 1.9446F .1

. 0.2tb69E it -1.2 47$E 00, O.,663H 0 1 - 0. 2 548 r 1 J. 14 7 F C) 9.'1o ;)

3 .. 0.2i1d7 ') -. .t'i5 -C ').4477F 0I -0.2069 , 3 5.121 -C3 '.4l24'F 'I
4-., u .75VE 10 -. 1414L .)u 0.26t6 0 1 -0.1561F 01 -3.14,-F 3 ).245tI
51.' G.114 1E )1 -3.-)19?F-1 0.1315L 31 -0.1106C 01 -3.?b"fh 7r 3.17I?5- "1
t'., 0.7553i tJ - ).5731E-;1 0. 571F 0 -0.7491: GC -3.1354E 6 .64r1
75.J -. 4u1L0 01 -n.314tE-5 [ o.206F . -3.51361h 0 C -3.4,511- ")3 3.1 . - ""
8). ¢  0.2080E .') -'. Io 1 0)1 4.347b- 1 -).3635 F .)C -3. 432 F C) I ,.'314(,
9.). r ,  0.]3hif$ r- ) - )., 2 ')2E- )7 1.LV %')--12 -%:.3183r- %.0 -3.4%9VF C~ ' . 9?)41,V",.

10." -0.231F O ). 186'JE . 3.434bE- 1 -0.3635E 1 -3.4"2582 c, 1).511l 9'
11 j.. -0.4501L 31 3.3144E-01 0.2036 016 -(.5(362 21 -0 4.2"Q1 C )  ., , F
12 '.,, -0.7553E GI J. 731E-u .57 4 6f-R 0,)-0.7489F'- OL -).3t 't3, C ,i I" . 'P4
13;.( -0.1141E 01 3.939ZE-00 0.L3ISE ) I -O.3I02E 01 -3.26447E CO .')3 t- 1
14. -0.160?E 1 . 4 1 4- (4E U.It( IE 01 -0.1561F- 01 -3.147(+- 0) J). 241')f
15. .-0.2107F 1 ) 3.31 F ')u C -.,7 7F -)I -0.2061F f1 3.I wr-o3 ?.61q3' Ir
161.j -0.2 'E 01 0.247L) u.666 01 -,?.254 8f; 3.1 ) ,47f- 3.4A 1 1
173.1 -0.12131 1 J.t856E '30 O.13271E ol -0.2895E 0l 3. 25l2E 0' 1.,84,6F I1
181.., -0.3082F 0.3I ). 2994E 00 0.221-1 - ,32 IC 3.3202QF v9 rq?lr-N I

3 MWILF SCATkREi) HIELU AN) st.iTIr -ING CPIqSS S-CTII;N/IaAVt.Lqi) ,TII QOJE'O

INCI[OF14CL FROM V-)c., =

P EAL(EO) IiAG(E- ) ,O/(LAM4) *2 KEAL(U-M I MAq I=) S7/I( LAM } *-?.

i. -0 .3026E q1 )1.,; 264 E 0 O.419E (-1 0.30243 11 -. 41qqL r' -I,.,. f- I
i)J-0.2?03F ML 1. 2,?5'hE 00 0'. 84 71Cl 01 0. 2 97F r-u -3.19 )IF r', 1.1411[ C 1
2 -,) - 21)71i F i ) ,1 . ,,P 2 19 E 30 L.605hF Il 0.2550E 01 -3.9J) uE -oi I .6513r "I

j. i -u. 2SIl i t J[ . 2. 11 oF Ou 0.4461F I) C.2SCI1F PI D .3 91# 41-0) 1 .4 1, 1 -  'I

4,., -A.16-5E )I I. 1073E 0, O.7162F Hl 0.1562 r 01 0. .428F 0,) P.2 49 C rl
b .-U. 1144E )t I (. It-,37E 0,) 0.1327F j1 0.[LS 11 O6F 3.27L,4iE 0 1;.311 L "I

6'-..6 -0.75321: 0) 1).1277E ')0 0.581i6C 00 0.74 8,)E 00 0. Vi,49t C 1.,).'U l I
7,i., -O.448J- 0O J Jd(>90r- ) I 0.2682E 60 0.5()34C IX 3.3993 E li ,)zI Ul 3 1
K , . -0.20 6gl. 0 ).43 14 -'ll U.473F-01) ).3631.E OC 3. 427k+ 0 n 1 11 'L 1.
qO. 01 -0).3 1 1'-} 1. '90 E-O7 '. L 37 IF-12 0.3M. F OC" 0.428TE 0) 0.2-14c .

LOO.., 0 .2169 0) -0.438E-Ul 0.4473F-01 0.3631F ,)0 0.42?rE 03 U.3 3 1- f-
11 ).J 0.4480F 0i -0. 1690E-01 0.2082F 00 0.5034E 0G 3.393F 0) P .412 r rV.
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I? 0.7532E C -0.127 7F 30 0.5a3 00 0,748qE OL J.35 9F 0) 0.3d6 1 C
S13,,. ,.I1141)E 11 -0. lo37E 00 C. 32 71- Q I , C. 1106 ul, 0.2784E V0 . 1, 331E I'

14 0.)5 01 -0.192 3 00 0.4612F 01 0.1562t 0) O. 175F ,, C. 2469C 01
i5 .,) 0.2106E )1 -).2116E OG 0.4481F 01 0.2071E 01 3.3944E-CI J.4 'lt I 1
161.0 O.2570F 3! -O.2?1-)E )o 0.665b 01 0-2550E 01 -3.91591--Cl ) .(51H) I

PU.j 0.2903E )1 -9.2259E 0)i 0.13479L 01 0.23971F 01 -0.1l411E C ).d431V I
18'.0 0.3024F 31 -0.2&'W 0) 0.9199E 01 (.3024E CI -3.2768E "1 3.,10% c{i

3 MUriL SCATt CRED FILL. AN) SCATiERING CR3SS SFCT IJN/1%AVtLENGTH SOIJACEI)
INCII)eNL: U'J ,  = ,.

", RE[AL (hEr) ['AG{E-7) S;)/(LAM)**2 ,EAL( PA} IMA'; (Lv5) SO/(AM)**2
*(i O.iG24E )1 -0.2e)68: )o 0.9199F 01 -0.3024F Oi 0.2268F 3 0.91[;99 'I

10.0 0.2401b 1 1 -%..27514 OU 0.8479E 01 -).2897F 01 D.19, 1E Ou ).8431F I1
2C.0 O.?5)70E )1 -0.219E it0 0.bb5b6E 01 -u.2550E 01 3.31''E-01 0.6il3F 0l

0. 2106 ')1 -. .?lIL 31) C.4411F (L -0.2071F 01 -3.3944r-CI 0,491C 1
. ).lu,5t ) 31 -).192 70 ).2612E f1 -0.1562F I -3. 17' -;1; , ).2469E I
0.1.4JA 01 -0.16,37E 10 0.1327F 01 -C.1106E 91 -3.27 ne{- u? '.li [

6,.0 0o753ZE C) -0.L71E U0 0.583tE 00 -0.7489- Ou -0.353'4E 86 1 p.
7 . 0.4480f- U1 -0.J,9(,) -61  0.2,82- 0 -0.5')34t- CC -3. 3(1) C ,'.4129(
840 G.?')O9E 00 -u.4384E-31 0.4473E-01 -0.363IF I L -0.42231 00 0. . r 'V
9u.U 0.6017---06 -0.7905E-01 0 .13 7lf--2 -0.3179( Ot -0.42'31 00 n.2349E "

10,;.L, -0.20o-)L- 0 ..4384L--01 C.4473E-0i, -0.3631t- (X"3 ) .2 V'l ;J) 0.31 WE
110.4, -0.446 )F P) ').3690C-01 0.2,82E 00 -0.5034E rC -3.399.1 0 , 0.4/ 9E
123.0 -0.753?E 03 ).1277E 30 0.5836F 00 -0.7489F 00 -. 3"-39F 04) 0.6861L :'
13).' -0.114)F 1! u.1637E )U L0.1327E 01 -0.1106E (1 -C.27&,4F U)) 0. "E I
14" '1 16.]35E ,1 0. L9?JE 00 G .261_2E (01 -0.1562E C.1 -0. 170;5E C') C;.24SCE Al
15 -(,2 )13F I f),'!11 OF, ') 0.4481F 01 -i.207lr r- I -Oo'3(344F-ul O.,42 I. ,i
It). -C.25 Mt 01 0.2219E i , 0.6056C Ol. "u,255OE 0l 1 .qIiqF-.)l " . 1.L31_ '1
171.,. - r 1.29 J C'I 0,9 0 3[ ) ) 0.84714E O) -0.2897F 0l 1 t . 911F (I.1 n.8431 n]
1S.8' -0.3024E I %j t/? 26a- ,00 0.9199F I,) -9).3n24E 1 09.2258r 3 o lq
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VII. GAIN PATTERNS

Program #6 which calculates and plots the gain pattern for radiation

from axially symmetric excitation on a surface of revolution accepts punched

card data according Lo

READ(1,l0) NP, NT, jr4, NC. NV, BK, SOL

10 FO.RMT(613, 2El4.7)

READ(1,11)(AID(I), I = 1, JM)

11 FORMAT (5E4. 7)

READ(I,15)(RH(I), I = 1, NP)

READ(I,15)(ZH(I), I 1, NP)

15 FORMAT (10F8.4)

READ(I,50)(L(I),I 1, NC)

50 FORMAT (2013)

READ(I,57)(V(I), I 1, NV)

57 FORMAT (7Eli. 4)

READ(I,50)(LV(I), I = 1, NV)

The variables NP, NT, NS, JM, BK, AIM, RH, ZH, and L are the same as in

program #5 except that L now applies only to the ut directed eigencurrents.

The output of program #2 characterizes each eigencurrent by NM2 numbers.

For the axial-y symmetric mode, either the first NM2/2 numbers (correspond-

ing to Jr) or the last NM2/2 numbers (corresponding to J ) are supposed to

be zero. Thus L(I) indicates that the L(I)th eigencurrent (only ut directed

eigencurrents being considered) to come out of program #2 will be the Ith

current to be added to the modal expansion. There are NV <_ NM axially

symmetric slots on the body of revolution. The voltage across the Ith slot

is V(I). Note that V(I) is complex. The Ith slot is located at the

(2*LV(1)+l)th data point (p = RH, z = ZH) on the generating curve C. Accord-

ingly, the Ith slot occurs at the peak of the LV(I)th triangle function

') L . The function f appears in( [II. For the plots, one inch
c s(L) to a a i of n /Sofr~corresponds to a gain of I./SCL.
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The impedance matrix and eigencurrents are read from the third and

fourth records of direct access data set 6 according to

REWIND 6

READ (6)

READ (6)

READ (6) (Z(t), I = 1, NZ)

READ (6) (FI(1), I = 1, NZl)

Only half of the impedance matrix is read because only [Ztt ] of (2-46) of [1]
0

is needed. Program #1 has stored the impedance matrix on the third record of

data set 6 colunmise in the block diagonal form given by

[o]  [o]

fZ0] 1 (22)

The subroutine PLANE is similar to the one compiled with program #5.

At present, only teof (5) is needed because a slot voltage, corresponding

t directed axially symmetric aperture electric field, induces only a ut
directed electric current which radiates only a u0 directed far field.

DO loop 60 suppresses the lower left zero submatrix on the right hand
side of (22). The net result of DO loops 71 and 73 is to arrange the

eigencurrents (FI) and their eigenvalues (AMD) in the order dictated by L

and to suppress Intervening zeros from FI. DO loop 62 obtains the matrix

[X] appearing in (2-15) of (1] by taking the imaginary part of the average of

corresponding off diagonal elements of the impedance matrix. Statement 79

inverts the impedance matrix to obtain the admittance matrix. DO lcop 82

obtains the column matrix [I I associated with the electric current by pre-
0

multiplying the excitation column matrix by the admittance matrix. The

elements of the excitation column matrix of (27) of (3] are actually 2w times

the slot voltages, but the factor 2ir is inconsequential as far as that gainot
is concerned. DO loop 82 stores (I I in E3. DO loops 84 and 97 compute the

to t1 a n
radiation field E- R t] and gain G and store them in E and G. The radi-
ation field and gain are normalized so that
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G sin u dO = 2 (23)

0
1. 2 =Go

Thie phase factor -je - j k r is suppressed from E . DO loop 99 prepares hori-

zontal and vertical components E5 and E6 suitable for plotting the gain.

Do loop 48 multiplies the eigencurrents by p to retrieve the column matrix

[1I associated with each eigencurrent. The index J of DO loop 48 indicates

the J eigencurrent. DO loop 21 stores the matrix [I) 1
[i][x ] (j + l/X)

appearing in (20) in T3.

the index K of DO loop 29 indicates that inner DO loop 31 will add the

contribution from the Kth eigencurrent to the admittance matrix (20). DO

loop 44 premultiplies [It ] stored in E3 by Rt0 stored in VR to cbtain the
0 0

radiation field and the gain. The radiation field E0 and gain GO, normalized

according to (23), are stored in E and G. In order not to mask a possible

discrepancy in the amplitude of the approximate pattern obtained by super-

imposing a few eigenficids, the present normalization uses the value of the

pattern integral (23) previously computed from the admittance matrix obtained

by inverting the impedance matrix.

Minimum allocations are given by

COMPLEX Z(NM2*NM), Y(NM2*NM), VR(NT*NM), E3(NM),

T3(NM*NM), E(NT), V(NV)

DIMENSION AND(JM), RH(NP), ZH(NP), FI(NM2*JM),

DH(NP-l), TH(NT), T2(NM*NM), X(NM*NM),

G(NT), L(NC), LV(NV), SN(NT), CS(NT), GX(NT),

GY(NT), E5(NT*2), E6(NT*2)

COMMON RS(NP-l), ZS(NP-I)-, SV(NP-), CV(NP-), T(NM*4)

DIMENSION BJ(3*(NP-l))

D.IENSIO'N LR(NM)

where

N42 = NP -

NM NM2/2

Here, NP is its value after execution of statement 90 in the main program.

Ncte th ,t BJ appears in PLANE and LR in LINEQ.



Listing of Programi 116 51

II C0034.EE,3,?, ,6), 'MAITZ,,JOE',MSGL.EViLrI
1EXEC FORTCCLGtPLAR.F0RT='MAP'

//FORT.SYS1N DD
SLIBR(U1 tM- PLANE (VVR ,THR ,NT)
COMPLEX VVR(l),'5,.A6,U
COMMON IJ,RS;(40) ,7S(40) ,SV(40) ,CV(40) ,BK,NP,TUIiO
DIMENSION kj( 126) ,THR(l) ,FK(20)

FK (1) =.
DrI 153 J=L,M?
J 1 =,)+ 1
FK(J1)=FK(J)*J

153 CONT I bt IL
DO) 156 L=I,NT
Ll=(-1 )-'NM
CS=COS(CTIAR L))
SN'=SN(TI-R(L))
BC S =B1K*CS
DO) 30? J=1,Kr,
X=RS(CJ ) *RKxSN
Jl1J
I I=NN
IF(T1) 303,304,303

304 11=11+1
Jl=jl+KG

303 DO 305 ),)=)IM2
IF(X-l.E-5) 1,1,2

1 IF(JJ)-1) 3,3,4
3 BJ(J111I.

60 TO 306
4 B.i (.Jl) =0.

GO TO 306
2 .RH=X/2.

RH2=RH*RH
RH3=RH'4*( JJ-1)
BRJ(Jl )=RH3/FK(JJ)
SS=.J (J 1)

8 SST=SS*1.F-
00 155 K=1,20
SS=-SS*RH2/K/ (K+,Ij-l)
sJ(J1)=RJ(J1) 'SS
IF(ABSCSS)-SST) 306,306, 155

155 CONTINUE
STOP 155

306 Jl=Jl+KG
305 CONTINUJE
302 CONTINUE~

IF(NN) 307,308,307
3 0 Si)D 309 J~l,KC,

JL=J+2*KG

30q C ONT INU E
307 DO) 300 Jrl,Ws

Jl=J+Ll
VVRCJl)=O.
D0 301 1=1,4



I1 41 J- +

7vVR( 11 )=VVP ( j1 +(CS SV I I J2+SN*CV(I11PBj(12) *U) *T14)

300 CO u. V I '&
l!i. CiiNT I NIWE

Ql- MOM'~
F $,,I I

MAROTINF't 1.PTrl"lLLC)
Cf1OPLFX Cj ) .S;TIIR ,STf),ST,S

1)(1 20 I=ltLL
LP( I )=1

?n C )I'T INI IF

1)(1 2 1=1,LL
K1=M) +1
K?=141+K
!F(CAiRS(C(Kl))-CAlAS(C(K2))) 2,2+6

CI 'I NUlE
LS=LR CM)
L R CM)=L R CK)
LR (K)=LS
K 2 =Ml +K
STOR =C( K2)

DO) 7 J=19LL
K I =,1+K
K?=J 1 +M
STO=C (K I)
C (Kl)=C(K?)
C(K2)=STO/STCOR
.JIJI+LL

7 CI)MT IJIJE
K I =P* l+M
C(KlhlI./STIIR
DOI 11 I=1,LL
IF( -MI 12-11112

1? K 1=?4l1+1
ST=C(K1)
C(Kl 1=0.

Oll 10 j=lLL

,11J1+LL
10 CINT f NIE
11 C ONT I NIF

',,] =1LL
1A CONT INIIF

.11=0
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IF(J-LR(.))) 149P.14
14 LRJ=Ig.1)

J2= (LRJ-I )--LL
71 00) 13 I=1,LL

K2=J?+!
Kl=jl+I
S=C(K?)
C(K2)=C(KI)

13 r~nNT It IDF

IR(LPJ )=LRJ

HJ1=J1+LL

9 CliNT! NJUF
R F T IP N

r)WENSION XI361l),G,(73),L(14),LV(1qi),APEA(400),SN(73) ,CS(73)

Fot)IVjLENCE(T?(1) ,X( 1W. (Z-E I hYC ))

C~ALL PLfTS(ARFA,400)
R E AD( 1, 10) NP, NT, NS ,JA', NC ,V,BK, SC L

10 F(IRM.AT613,2EI4.7)
READ(1,11) (AMi( 11,1=1 ,Jt4)

RtIAJ( 1,15) (RH( I),I=l,MP)
R EADS t ,15) f(Z I( I I.= fijp)

15 FIRMAT(10F8.4)
PEADlCI50)CL(i),l=1,NCi

50 FURMAT(?013)
READ( 1,57) (VtHI, I~1,WV)

57 F(IRI4AM(11.4)

-3 RI T- (3, 37)
37FORMAT( 10 NP NT PIS It-l NC NV 16X 'RK , 12X'SCL'~
WRITE( 3, 36 NP,NT,fNSJIM,N,NV,BK,SCL

39 F0RfA4T(1Xv613,2E14.7)

5 FORMt.T('0AM'i'/(1X.!;Fl4.7))
MRTF(3,39) (RH'(- 1,hl,NP;

39 QiRl,T('ORH'/(lX,l0FP,.4))
1.PTTF(3,q) (ZH I tl=hNP)

9 FORMAT( '0714' / X, 10Fv.4))

Ft FORMA T ^-0'/1IX,2013))
I.RlTF( 3,71 (V( TI ,l1 .NVi

7 FORoMATC'0'J'/(IX-7E1..))

6 FORMATC'OLV/IMX,2613))
P1=3. 141 543

IF((H(1)RH(P)I~'JE0..O.(ZHtJ-H(NP).N.fl. Gl TO 90
RH(MP+1 )=RH( 2)

ZH(IIP+2-)=7I{(?)

NP=NP+?
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90 M2=NP-3
NtM=MM2 / 2
NZ =NM?' I4M
N? 1=NM?, JM

REAO( 6)
RFAO( 6)
READ ( ) (Z tI 1, - ,N7

NT3=M'T-TJS
NT 4= NS+ I
00J 40 1=?,MP
12=1 -1
RRI=R- I )-RHC 1')
RR2=ZH(I )-?H( 1?)
nH( 12)=SQRT(RR1*RRI fRn2*RR2)
RS( J2V.5*(R"( I +RHf I?))
ZS( 12)=.5*(ZH( I)4ZP( 17)1
SV( !?)=RRI/DH( 1?)
CV( 12)=RR?/DHI 1?)

40 CONT I UF
109 41 J=1,pN
J2=2*(J-1)+i
J3=J2+1
J4=J3+1
J5=J4+1

J7=J6+1

.9=.j7+1

DEL 1=[H(J?)+D)H(J3)
P)EL2=DHIJ41+DH( J5)
T(J6)=DHI .2)*DH(.17)/2,/DELl
T(J7)=DH(J3)*(DH4(J2)+D)H(J3)/2.)/DELI
T(J8)=DH(J14)*(H1.5)+DH4J4)/2.)/DEL2
T(J9)=H(J5)*Dri(J5) /2./OEL2

41 CONTINUE
EUEL=PI /(NT-11
DO) 43 J1,vNT
Tii(J)=LJ-1)*Dr-L
SN (J )=SCL*SIN( TM(JI I
CS(J)=SCLCS(TH(J))

43 CONTINUE
CALL PL!ANE(VR,TH,NT)
XP( 11=2.
XP( 2)=S.
Yp(1 )5.1) YPt'2)=5.
DEL1l=lA0./PI
001 64 J=1,NT
TH(J)=TtH( .IPDFL1

A4 CONINUE
J1=0
PO 60 .11,Nlm
.I?=(CJ-1 )'4NM2
DO 61 T=14NM[ Jl=J1+1
Z (JI) =Z (.13)
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61 CON I NUE
& 60 C ONT I N)F

00 71 J=l,NC

DO 7? I=l,NM
J1=Jl+1

J3=J2+1
12(Jl)hFI(J3)

*72 CANT IN(IF
J2=LCJ)
E5(J)=Af40(,12)

71 C' NT I NIJE
C-1 3 J=1,NC
DiO 74 1=1,NM
J1=J1+1
F! (J1)=T2(JI)

74 CIINT I NIE

73 CON I NUE
DO 62 J11M44'
J2=(CJ-1 )*fi'
00) 63 1=1,.)
JI=J2+I
J3= ( i -1 ) *NM4-J
XtJlh=.5*AfM4AG(Z(J1)+Z (j3))

63X(J3)=X(Jl)
A3ClINTPI iE

62 VINTI NU F
79 CALL LINEQ(NMtZ)

onl 82 I=1,NMH
E3(1I =0.
00l 65 K=1.tNV

E3( 1)=E3( 13+7(Kl1)*V(K-)
65 CONTINUE
82 CONTINUE

S2=0.
J;7=0
DO 84 J=1,)NT
111=0.
DO 88 I=1,NM
J2=J2+1

A8 COMTINUF
E(Ji=Ul
Sl=CABSiUI I
G(J )=S1*S1
S2=S2+C CJ I :'SN (J

8%4 CON1T I IUE
S5=2 .):SCL/S2/DFL
S6=SORTC S5)
DO 97 J=1,NT
E(J)=E(J])*S6
G(J)=G(J)*S5

97 CONTINUE
C WR11TE(3,66)

66 FOR.MAT('ORADIATION FIELD AND GAIN BY MATR~IX INVERSION')
1RITH1,67)



5667 FIfif4ATC'0 0 REAL (EG) IMAG(EO) GAINO')

70 FnRteAT(jx,r-6.1,.-,1:12.4)
69 C1MT I NLI

Dof q9 J=1,NT
SI=SN(J)mG(J)
J9=NT2-J+.

E5(J9)=b.-SL
b6( j)=5.+CS(J)*G(J)
F6(j9)=E6(j)

99 CflNTINUE
J1=o
nil 48 .hl.9NC

J1=J1+1
J4=2*1+1
Fl (jj)=FI (J1)*RH-(J4)

1-8 CONTINUE
44 WINT INIE

Do( 21 J=1,NC
JI=(J-1)*1 M
S 1=0.
00) 22 [1.NM
S2=0.
J4=( T-l)*M
DO 23 K~ltNM
J2=J4+K
J3=J 1+K
SZ=S2+X(j2)*FI (J3)

23 CONTINUE
J3=Jl+I
S1=SI+S2*FJ (j3)

22 CONTINUE
11=1./Sl/(U+1./AMD(J))
DO 27 I=1,I*M
J2J1l+I
T3(J2)=FI 1J2)*Ul

27 CONTINUE
21 CONTINUE

NZ')=NM*NM
DO 32 J=1,N12
y(j)=n.

32 C'1NT I NIE
D17 29 K1,tNC
J3=(K-11*NM
J 1=0
0031i=9l
J4=j3+I
E3(!)=O.
no 75 J=LtNV
J2=J3+LV (J)
Jl=J1+1
y(jl.hY(Ji)+T3(j4)*FI (J2)
1-3 I )=E31 I)&U(J1)*V(J)

75 CoNTINUE
31 Cf)NTINUE
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00 44 J=1,NT,NS

Jl=CJ-1)*NM
DO0 47 I=lNM
12=Jl+I -

tUl=LI1+VR!.1?)*F3( I)
47 CONTINUE

F(JIAtJlqS6
Sl=CASS(E(J))

GX( JV=5.+SM(J)*G(J)
GY(J)z.+CS(J)q,G(J)

44 CONTINUE
WRITE(3,76) K

76 FORMATf'13,1 140DE RADIATION FIELD) AND GAINI)
WRITE(3,67)
WRITE (3, 68)
Dnf 80 J=1,NTdIS
WRITE(3,70) THJ) ,E(J) ,G(J)

80 CONTINU~LE
CALL LINE(XP,YP,?,190,0)
D0 77 J=1,7
SI::9-J
CALL SYMBOL(S1,5., .14,1390.-v-l)

77 CONiTINUE
CALL LlNE(yPiXP9,,1,0,0)
DO0 78 J=197
Si =9-J
CALL SYMBOL(5.,Sl,.I4,13,9o.,-1)

78 CONTINUE
CALL LTNF(E5tE6tN'T?,1,0,0)
Dl) 86 .J=1,MT,NS
CALL SY14RGL(GX(J) ,GY(J) ,.07,4,0.,-l)

86 CONTINUE
DO) 89 J=NT4,NT3,NS
J 1=NT-J+l
SL=10.-GX(Jl)
CALL SYMBOL(S1,GY(Jl),.07,4,0.,--1)

A9 CONTINUE
CALL PLOT(7.t0.,-3)

29 CONTINUE
CALL PLOT(6.tO.,-3)
STOP
END

//GO.FTO&FOOl DD OSNAME=EEO034.REV1,DISP=OLDtlNIT=23l4, x
/1 VOLUME=SER=SUI0004,DCfl=(RECFM=VSLKSIZE=1800,LRECLq1796)

/i/GO.SYSIN 1)O *
21 73 4 5 3 1 0.3141593E+00 0.5000000E+00
0.3359053E+02 0.626479RE+00-0.1R42634E+O1-O.1062163E*04-0.121105E.005
0.0000 0.5000 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.CO)OO 4t~j00
5,0000 5.5000 6.0000 6 .5000 7.0000 7.5000 8.0000 A.5000 qo000 -1.5000
10.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000( 0.0000 0.0000 0.OCOO 0.0000 010000
0.0000

0.16OOE+01 0.OOOOE+00
5



58
OutpuL of P.ogr.im tZb

NP NT NS J'm -,. AV if
21 73 4 , L 3 1 .S.,",ZieC. C"

10

S.( .S ), 1. '. I 1.5, 2.. 2.5. 3.CCh, 3.5('C" 4.0".)l 4*,,
... ,, 55 W7,, ,. J, b. 5% ,J 7 .1 J 7. 51V" a A.''" .5N0l', 9 .3 , / 9. ,'

10.Lu(

7H
0.0 C.. . 0...) i.6 ).0 . C. ^  0 .'

).} t. , O j .0 ).("). ". C Go.^ 3.') '

L
1 4 5

V

LV
14

9I40AT!IjN I-IFLJ A'4U ;t I iY 'AAT,<( INVfPSI )N

4 REALiC) 4%r (F;3 G A I-%I

Ir ,  -C.( - .]S F ) r ]2b .

6',. -0.9292A ):' 3 ') i. 9. [ ll F 10

-Lk.3 0 . 12)3F )l -.- 1 .!E u0. 11: >7&1

12,... O.9297 ) '),) - i'.'tF J'3 3-. 1 1") JL-

-3~C O. 127 EIL r - 1,E rj _.12ct 'Ir

5, * 121 7f1 1 1 Uu C. 5b1:)

7..0-0 q I~ 1- 3, -4 :E u15 7 E 10

L7to. 0.5242E (J -0. L4t "t 0.392bE ",'1d . 0. 2 it: )I(; .1-o7



Li1 RAVJIATIJN 1-IELL ANn GAIN 59IN

1.0-C.5762E n)0.1127E 30 0.4299E 00
23U 0.1024tE J1 M.SbbE 00 015F0

5, r -(). 1145 - Zk h ~1) 0 0.1696E 01
63.'~ -0. 8 ME 0-3 3.4 -3 7,1 1:0 0.L042E 01
7).U -C.6051E 00 0J.328F 10. 0.4739E 00
8-.,l -O.35020E '. V1) 'L'j3cE 0O 0.1181E 0
9",. I -0.54,22F-,)6 nl.2940:i-636 0. i38bL -12

I.. ;,v.j 03- 2;F Uri -'). lhI i JO .118ir 00
11,1. -,C. 6051 E 01 -3.32A4E U%) 0.473qE 0
120.0 0.8974E2 3D -0.4870E 00 0.1042E 01
130.0 C.1145E DI -0.b?12F 00t 0.1696E 01

I!14.).v j. 1,.?89F 01 -s. 594 J E J33 C..2152F 01
15.'t,.1?55E 31. -C1.6-A63F '0 0.2)00E 01

16).L (i.LIt) 24E )31 - J5)5 t: 00 0.1357Eh ~1
17).-. 0.*572 on -v). j127E 30) 0.4299E 03
181%, oj or 0.0

2 MOD)E RAi)IATI'3N FIFL!J ANt) GAIN

I

C.0u 0.1 0.0
lU.'. -C.5422E -)0 --. 312t: GO 0.3918F 301
21^.0 -0.9735E 01 11.5557E 00 C-.12566 01
3--.0 -C.1222E 3). 0.68162E 0., 0,1.9641- 01
41.3 -C.1..73E 01 C.4599?F 00 0.2lC9[ !3i
5,^ 1( -G.1157E R . 5~21 2E Ju 0.1725F n 1
6., -(.9296E 0 .4'173E 00 0.1101E 01
7).0J -(.6402E 0) ').3284E 00 0.51.78E 30
V., )0.3243E 3dl 0.1639E 00 0.1320E iJO
9C.-) -C.5852E-06 a.2943F-lb 0.4290F-12

10C,. (. C.32'v-lE Q -0.1639E ')I0 .1320E 33
ll..u r.64u2E 3)I -).3?'34E W0 0.5l176F 00

1 1.; 0.92961: T) -3.4U17;E 0 G 0. 11 )uIF 01
130.0 C.1151E ll1 -0.621.2E 00 0.1725E Jl
140).0 0.1273E 01 -0.6997E 01) 0.2109E 11
150.C~ .22t:3 -)I.b.62E On 0.1.964F 01
16.0 C.973 iE .33 -J.5557E 01) 0.1256t: 01
17C .f 0.5422t 03 -1).3127E 00 0.3918F 00

183. 0.00.0) 0.0

3 MWlE RIOIATI)N FIIELD) ANP GAIN

e REAL(EO) !U4G(E61 GAING
n'.0 C.l 3..) 0.0

1;,.0 -0. 54 1 ol 43J '). 3IZ7F 30 0.3912E 00
2C .( -0.9726E CO O.')557E 00 0.1255E o1
30.C -C.122LE 01 0.6862F 0') 0.1962E 31
40).0 -0.1272E 11 0.6997E 00 0.2109E 01

6:Y.J -0.9301LE 03 0.44i74E 00 0.11OZ- 01
7o.(, -0.6407E 14) 0.3?84E 0t) 0.5183E 00
8(1.0 -0. 32451: 31) 1.1t,3qE J0 0.1.322E 0il
903.0 -0.5ii5lE-06 3.2943E-06 0.4296E-12
100. 1 0.3245E C0 -0.16b39E 00 0.1322F 30
I.I.J. .; 0,6437t: UO -03.3284E OU 0.5183t 00
120.^ C.93'1E 03 -9.4Hi7)E 00) 0.1102E- )I
1N3.0' 6.115aE )1 -0.6212E 00 0.1726F 01
L43. r 0,1272E 31 -n.5997E nO 0.2LO- ' I
1,0,e0r 0.1221E ) I -'3.ba62E 00 0.1962E 01
16, C.972bF 00i. -1),,5b57E 00 a.1259 01
17 6. 3.5417E LO --0.3127E 0n 0.3912E- 00
18-).C 0.0 -0' .
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